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CHAPTER I. INTRODUCTION 
Motor vehicle accidents have caused more than a million 
deaths in the United States during the past 25 years. The 
causes of these accidents are complex. Many factors combine 
to create roadway environments. Accidents at intersections 
represent 45 percent of all traffic accidents, according to 
the National Safety Council (Accident Facts, 1980-1991). 
Studies of the causes of intersection accidents have been 
conducted since the invention of the first motor vehicle. 
Conclusions from these investigations show that more than 50 
percent of accidents are attributed to human failure. The 
remainder are caused by the environment, the vehicle, or some 
combination of these factors (David & Norman, 1979). 
A motorist's decision-making skills that are necessary to 
initiate an intersection entry in a safe manner depend upon 
the entry driver's ability to judge the time and speed of an 
approaching vehicle. This would include such things as 
changing speed and direction under normal and emergency 
conditions (Howells et al., 1980). Therefore, entering 
drivers must evaluate the expected arrival time of an oncoming 
vehicle with regard to their own driving experiences. 
Erroneous information at this stage of the decision process 
results in dangerous intersection entry decisions. The 
knowledge and memory components of the intersection entry 
decision process may be influenced by the entering driver's 
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physical and mental state, which may influence the assessment 
of the speed and distance of the approaching vehicle. 
Another factor that influences the decision-making 
process of a motorist entering an intersection is the driver's 
risk-taking propensities. This may be related to personality 
factors or the driver's perceived risk or cost of an accident. 
For example, when the entering driver takes a chance by 
turning into the path of an oncoming vehicle but meets no 
resistance, even though the oncoming vehicle adjusted for this 
poor decision, the driver believes the decision was 
appropriate and may continue exhibiting such driving behavior. 
In addition, this driver may believe that insurance, social, 
and legal problems related to accident involvement seem long 
removed and he or she may adopt an "it-won't-happen-to-me" 
attitude. Thus, even though the perceptual, computational and 
evaluative processes may correctly indicate that a hazard 
exists, and the entering driver may be willing to accept a 
fairly high level of perceived risk for a small gain in time 
and enter the intersection unsafely. 
Knowledge of gap-acceptance behavior of drivers is also 
essential in the computations of capacity of uncontrolled 
intersections and in the traffic signal warrants. From a 
transportation engineering viewpoint, a gap is defined as the 
time interval between passing of the path of a minor street 
vehicle by two successive vehicles in a lane of traffic flow 
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on a major street (Oppenlander & Solberg, 1966). On the other 
hand, a lag is the time interval between the arrival of a 
vehicle on a minor road at a stop or yield line and the 
arrival of the first vehicle on the major road to a point 
opposite this line. Neudorff (1983; 1985) found that the 
primary factor affecting the operational performance of a two-
way STOP controlled intersection is not volume, but 
availability of gaps in the major street traffic flow. 
According to Neudorff, if the existing gaps in the major 
street flow can accommodate all minor street traffic without 
conflict and with only minimal delay, then it is reasonable to 
assume that a traffic signal is not needed. 
Studies of lateral gap acceptance have been reported in 
many papers such as Greenshields et al. (1947), Raff and Hart 
(1950), Bissell (1960), and Mortimer and Schuldt (1980), who 
report, respectively, a mean critical gap acceptance of 6.1 
seconds, mean lag of 5.9 seconds and a mean lag and gap 
acceptance of 5.8 seconds. In addition. Cooper and Wennel 
(1978), Mahr and Dowse (1983), and Uber (1978; 1984) tried to 
model the probabilistic structure of whether or not drivers 
are consistent or inconsistent in their gap acceptance 
behavior. 
The effectiveness of any lateral gap measure can be 
highly dependent on the specific characteristics of the site. 
Therefore, the findings of many previous studies seem to be 
too difficult to apply to traffic control at intersections. 
In fact, it is not possible to speak rationally of traffic 
control until a true lateral gap's average and standard 
deviation are measured with a statistical control procedure 
because until then there is no constant distribution. Polus 
(1983) reported that movement with lower standard deviations 
of accepted gap may result in a lower accident record. 
From a statistical point of view, there are certain 
chance variations in lateral time gap distributions. A chance 
variation is the sum of the effects of the whole complex of 
chance caused in a random manner. There are also relatively 
large variations that are attributable to special causes such 
as differences among vehicles, drivers, and road 
characteristics. At the basis of the theory of statistical 
process control is a differentiation of the causes of 
variation. 
Statistical process control and allied techniques of 
sampling inspection and quality control were developed in the 
1920s. Walter A. Shewhart of Bell Telephone Laboratories 
developed the first model of a modern control chart (Shewhart, 
1931) . Since then, there have been many successful 
applications of statistical process control applications in 
the manufacturing industry. 
Since the principals of statistical process control are 
general methodologically, nonmanufacturing applications do not 
seem to differ substantially from the usual industrial 
applications. Nonmanufacturing applications of statistical 
process control require ingenuity beyond that normally 
required for the more typical manufacturing applications. 
Montgomery (1991) discussed two primary reasons for this: 
1. Most nonmanufacturing operations do not have a 
natural measurement system that allows the analyst 
easily to define quality, and 
2. The system that is to be improved is usually fairly 
obvious in a manufacturing setting, while the 
observability of the process in a nonmanufacturing 
setting may be fairly low (p. 137). 
If one resolves these two issues, most of the statistical 
process control tools can be easily applied to a wide variety 
of nonmanufacturing operations including the areas of health 
and safety. There is a deep and fundamental difference in 
approach between statistical or mathematical modeling of gap 
acceptance processes and the statistical process control 
method. According to Hoerl and Palm (1992), the mathematical 
modeling approach might be characterized by fitting a model to 
a process. The purpose is to use equations to describe 
process data for prediction or insight into the system of 
causes behind the data. However, the statistical process 
control approach is just the reverse: it fits the process to 
the model. Consequently, the statistical process control 
method can be used not only as a screening mechanism, but also 
as a method for deciding the need for some type of 
intersection modification to control accidents. 
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Statement of the Problem 
The problem of the study was to identify out-of-control 
time-gap samples at road intersections by utilizing 
statistical process control concepts and to identify the 
advantages, if any, of these concepts over currently employed 
methods to identify high-risk intersections at each time 
period. 
Objectives of the study 
The objectives of this study were to: 
1. Identify the lateral time-gap measurement of drivers on a 
minor road controlled by a stop sign prior to entering an 
uncontrolled major roadway in urban areas. 
2. Develop statistical process control charts to use in a 
transportation setting. 
3. Monitor the gap acceptance behaviors on the statistical 
process control charts to detect any out-of-control time-
gap intersections at each time period. 
4. Analyze and synthesize conclusions from this 
investigation to determine high-risk intersections at 
each time period. 
5. Compare driver, vehicle, and road characteristics that 
may influence driver gap acceptance behavior at high- and 
low- risk intersections at each time period. 
7 
Research Questions and Statistical Hypotheses 
The research questions and statistical hypotheses in this 
study were as follows: 
Research question I: Is the proportion of drivers classified 
into two gender groups independent of their classification 
into high- or low-risk intersections at each time period? 
Statistical hypothesis I: 
Ho : Tiij = (%!,) (Tt.j) 
Ha : itij ^ (iti.) (Tt.j) 
i = high-risk intersection/time, low-risk intersection/time 
j = male, female 
Research question II: Is the proportion of drivers classified 
by whether children were in the car or not independent of 
their classification into high- or low-risk intersections at 
each time period? 
Statistical hypothesis II: 
Ho : Jtii = (îii.) (it.j) 
Ha : Ttij ît (Tti.) (%.j) 
i = high-risk intersection/time, low-risk intersection/time 
j = children, no children 
Research question III: Is the proportion of drivers 
classified into three age groups independent of their 
classification into high- or low-risk intersections at each 
time period? 
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Statistical hypothesis III; 
Ho : = (Tti.) 
: JTij " {Ttu) (Ji.j) 
i = high-risk intersection/time, low-risk intersection/time 
j = young (< 25), middle aged (25-50), old {> 50) 
Research question IV; Is the proportion of vehicles 
classified into two transmission type groups independent of 
their classification into high- or low-risk intersections at 
each time period? 
Statistical hypothesis IV; 
Ho ; = (Jii.) (îï.j) 
Ha : Jtii ^ (Jti.) (TC.j) 
i = high-risk intersection/time, low-risk intersection/time 
j = automatic, standard 
Research question V; Is the proportion of vehicles classified 
into five vehicle type groups independent of their 
classification into high- or low-risk intersections at each 
time period? 
Statistical hypothesis V; 
Ho ; = (Jti.) (Tt.j) 
Ha : " (Jti.) (It.j) 
i = high-risk intersection/time, low-risk intersection/time 
j = compact, medium, full, van, truck 
Research question VI: Is the proportion of roads classified 
into four traffic volume groups independent of their 
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classification as high- or low-risk intersections at each time 
period? 
Statistical hypothesis VI; 
Ho : Jtij = (Tii.) (Tï.j) 
Ha : " (Tti.) 
i = high-risk intersection/time, low-risk intersection/time 
j = 1—3000 to 6000 A.D.T.(Average Daily Traffic) 
2—6001 to 12000 A.D.T.(Average Daily Traffic) 
3—12001 to 19000 A.D.T.(Average Daily Traffic) 
4—19001 above A.D.T.(Average Daily Traffic) 
Research question VII: Is the proportion of roads classified 
into two speed limit groups independent of their 
classification as high- or low-risk intersections at each time 
period? 
Statistical hypothesis VII: 
Ho : = (Tti.) (Tï.j) 
Ha : lij " (JTi.) (Jt.j) 
i = high-risk intersection/time, low-risk intersection/time 
j = 30 m.p.h., 35 m.p.h. 
Research question VIII: Is the rate of accidents reported for 
observed intersections independent of their classification as 
high- or low-risk intersections at each time period? 
Statistical hypothesis VIII: 
Hq • ^high-risk intersection/time ~ ^low-risk intersection/time 
Ha • ^high-risk intersection/tints ^ '^low-risk Intersection/time 
For statistical hypotheses I-VIII, the %2 statistic was 
used to test for independence at the 95% confidence level. 
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Assumptions of the Study 
This study was based upon the following assumptions: 
1. Most charting methods are based on independent and 
identically distributed normal random variations. 
2. The experimental observation method used during the 
entire study did not vary in any manner that would affect 
the observed gap data. 
3. The target value of gap size, as obtained from the 
Highway Capacity Manual, represent reasonable values for 
the intersections observed. 
4. Gap size is related to the occurrence of accidents 
Delimitations of the Study 
The limitations of this study were as follows: 
1. The location was limited to 27 unsignalized intersections 
of Des Moines, Davenport, Dubuque, Cedar Rapids, Council 
Bluffs, and Sioux City in Iowa. 
2. The number of subjects in this study were limited to 1981 
drivers who made a left turn from a minor road. 
3. The observations were limited to mornings (7:00 a.m. -
9:00 a.m.), noons (11:00 a.m. - 1:00 p.m.), and evenings 
(4:00 p.m. - 6:00 p.m.). 
4. The observations were limited to sunny days. 
5. The measurements obtained were limited by the method of 
observation and scoring of the data. 
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Definition of Terms 
The following terms and definitions were used for the 
purpose of this study: 
Control limits - Lines on a control chart that serve as a 
basis for judging whether a set of values is in a state of 
statistical control. 
Critical gap - The median time headway between two successive 
vehicles in the major street traffic stream that is accepted 
by drivers in a subject movement that must cross or merge with 
the major street flow {Highway Capacity Manual, 1985). 
CuSum chart - A chart that directly incorporates all the 
information in the sequence of sample values by plotting the 
cumulative sums of deviations of the sample values from a 
target value (Montgomery, 1991) 
EWMA chart - A chart that forms a new moving-average of each 
sampling point by calculating a weighted average of the new 
value and the previous moving-average (Wetherill and Brown, 
1991). 
High-risk intersections - Intersections at which the measured 
time gaps were, based on the control chart, short when 
compared to ordinary intersections. 
Major road - A road intersecting with another road that has 
the major traffic stream movements. 
Minor road - A road that intersects with a major road. 
Out of Control - A condition describing a process from which 
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all special causes of variation have not been eliminated 
(Wetherill and Brown, 1991). 
Special (or Assignable) variation - Temporary deviations that 
can be eliminated by appropriate physical intervention (Box, 
1991). 
Stability - Physical repeatability within limits of random 
variation (Montgomery, 1991). 
System (or common cause) variation - Variations that are in 
accordance with a null model and therefore call for no special 
action (Box & Kramer, 1992). 
Time gap - The elapsed time between when the test subject on 
the minor road way began to move and at the same time, an 
oncoming vehicle reached a designated point in the middle of 
the intersection. 
Wait time - the elapsed time between arrival of a minor street 
car and its complete entry into the intersection. 
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CHAPTER II. REVIEW OF LITERATURE 
This chapter focuses on a review of research related to 
gap acceptances at unsignalized intersections, and the methods 
and philosophy of statistical process control. The review of 
literature has been classified into three major sections. The 
first section discusses the general characteristics of 
intersections and presents possible causal factors for 
intersection accidents. This section also examines the stop 
sign control and unsignalized intersections, and their 
relationship to gap distributions. The second section deals 
with studies of lateral gap and reports findings from previous 
research. The third section introduces statistical process 
control methodology and examines both manufacturing and 
nonmanufacturing applications of statistical process control. 
Characteristics of Intersections 
Intersections are a place where the continuity of travel 
is interrupted, where traffic crosses, and where many types of 
turning movements occur. Consequently, accidents can be 
anticipated and traffic safety countermeasures should receive 
high priority. 
According to the Stanford Research Institute (David & 
Norman, 1979), over one-half of the accidents studied resulted 
from human failures. The reminder were related to the 
physical environments or the method of traffic control and 
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enforcement. 
David and Norman (1979) also studied the relationships 
between accident data and various parameters of intersection 
geometry for 558 intersections in San Francisco. They 
reported that state highways had the highest accident rate, 
averaging 6.8 accidents per intersection per year. Arterial 
streets also averaged 3,9 accidents per year and local streets 
averaged 1.8 per year. This study also indicated that there 
was no difference in the proportion of severe accidents on the 
various roadways. 
Visibility and sight distance of intersections were 
investigated by Mitchell (1972) who concluded that the 
accident rate at most intersections will generally decrease if 
sight obstructions are removed. According to Mitchell, the 
accident total at five intersections in Concord, California, 
dropped from 39 to 13 in the year after obstructions were 
removed. 
Rockwell, Hungerford, and Balsubramanian (197 6) studied 
the characteristics of drivers approaching four intersections, 
each having a different treatment of illumination and signs. 
This conclusions were: (1) the use of lighting significantly 
improved driving performance and earlier detection of the 
intersection by the driver; (2) signing and delineation had 
only marginal effects; and (3) new pavement marking had no 
effect. 
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Traffic control measures are used at intersections where 
traffic conflicts are sufficiently large to require the 
management of the flow of individual movements (Hagenauer et 
al., 1982). Controls usually consist of signs (stop or yield) 
or signals. King and Goldblatt (1975) studied the effects of 
traffic signal controls and reported the following findings: 
1. Signalization leads to reduction in right-angle accidents 
and increased in rear-end accidents. 
2. Signalized intersections have higher accident rates, but 
this is usually offset by less severity per accident, 
which leads to no significant change in total accident-
related economic loss. 
3. There appears to be no clear-cut evidence that the 
installation of signals will reduce the adverse effects 
of accidents. 
4. As far as accident patterns are concerned, there is no 
clear-cut justification for lowering numerical warrant 
minimums for rural conditions. In fact, the effect of 
unwarranted signals is more adverse for rural conditions. 
Jorgensen (1978) reported the general safety aspects of 
sign controls at intersections. According to Jorgensen, yield 
signs effectively reduce accidents at low-volume isolated 
urban intersections, and four-way stop controls significantly 
reduce accidents at intersections where entering traffic 
volumes on all approaches are relatively small. 
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Agent and Deen (1975) analyzed the differences of stop 
and yield sign controls. They summarized that half of the 
accidents at yield signs were rear-end collisions, while half 
of the accidents at stop signs were angle collisions. 
Signalized and stop sign-controlled intersections were 
also compared by Schuster and Ibbecke (1975), who concluded 
that two-way stop-controlled intersections had the highest 
accident rate, of 1.5 per million entering vehicles. Four-way 
stop and traffic signals were rated 0.8 and 1.2, respectively. 
Therefore, drivers should give special attention to the two-
way stop-controlled intersections. It is important to study 
the gap selections of drivers in minor streets that have a 
stop sign since they are the only place where gaps are 
utilized by vehicles in major street traffic flow 
From a transportation engineering view point, major 
street traffic flow is comprised of numerous gaps of varying 
sizes. According to Oppenlander and Solberg (1966), "Whenever 
a gap in the major flow is equal to or greater than some 
acceptable value, one or more vehicles in the minor flow merge 
with or cross the major stream. Therefore, in selecting 
acceptable gaps, attention must be focused on the distribution 
of large openings in the primary traffic stream." Oppenlander 
and Solberg also reported that the capacity of the entire 
street system and the safety of the individual drivers are 
dependent on the characteristics of the intersections. 
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Environmental factors for the gap distribution 
There are several factors which affect the gap 
distribution at a particular site. According to Neudorff 
(1983; 1985), volume directly influences the major street "gap 
availability." For example, during any specified time period, 
the volume equals the number of gaps plus one, and the average 
gap size is the reciprocal of the flow rate. Thus, as the 
volume increases, the number of gaps also increases, whereas 
the average gap size decreases. 
The following factors were identified by Neudorff as 
having the most significant effect on gap acceptance. 
1. Minor Street Traffic Pattern—Shorter gaps are accepted 
by vehicles that turn right as compared to a crossing or 
left-turn maneuver. 
2. Sight Distance—Intersections with restricted sight 
distance have shorter critical gaps. 
3. Peak vs. Off-Peak—Minor street drivers accept more 
smaller gaps during peak periods than during off-peak 
periods. 
Neudorff also investigated other elements but found them 
to have no significant impact on the gap acceptance decision. 
These factors included major street speed, major street width, 
minor street delay (waiting time), and minor street vehicle 
type. However, some factors, such as the number of major 
street lanes, the traffic composition, platooning caused by 
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nearby traffic signals, and platooning decay have also been 
found as significant effects on gap availability. As a 
result, for the same major street volume it is possible to 
have widely varying gap distributions. 
Several research studies reported that traffic density 
periods affect gap acceptance. Swerdloff (1962) found that 
the median acceptable gap/lag was about one second less in the 
peak period than in the off-peak period at both cross 
intersections studied. Also, at both locations, the peak 
period acceptances were more uniform and consistent than off-
peak period. 
Wagner (1966) reported that the median acceptable gaps 
were decreased about two seconds shorter in the peak period 
than in the off-peak period, and this difference was 
significant. Ashton (1971) also noted that all vehicle 
movements have shorter critical lags in rush hour than in 
normal conditions. 
A study by Raff and Hart (1950) found no significant 
correlation between the critical lag and the major road volume 
at four intersection. The critical lags were not constant but 
varied from intersection to intersection from the Raff's 
study. According to Raff and Hart, critical lags were 
influenced by sight obstructions, main street speeds, main 
street widths, and the patterns of traffic flow on the side 
street. However, Ashworth and Bottom (1968; 1970) and Miller 
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(1972) reported that major road volume was the significant 
factor for gap acceptance. 
In a more recent study, Uber (1984) reported that the 
mean critical lag (p) in seconds was not related to the near­
side major road traffic volume (q) in vehicles per second. A 
linear regression model for the relationship of the mean 
critical gap, p, in seconds, to near-side major road traffic 
volume, q, in vehicles per second, was also found to be 
nonsignificant. According to Uber, the change in driver 
populations had a greater effect on the critical gap 
acceptance than the change in traffic volume within a peak 
period. 
Wagner (1966) examined gap and lag acceptance as a 
function of several variables, including traffic density and 
the type of oncoming vehicle (automobile or truck). A median 
accepted gap of approximately 6.9 seconds was found for 
automobiles and 7.5 seconds for trucks. 
Oppenlander and Solberg (1966) used a mathematical 
formula of the accumulative logarithmic normal distribution 
for pooled lags and gaps. According to Oppenlander, although 
the lane position of the main street traffic did not influence 
the gap acceptance for the traffic entering from the minor 
street, the type of entering maneuver produced different gap-
acceptances . 
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Human factors for the gap distribution 
According to Neudorff (1983; 1985), site-specific gap 
availability information is related to the gap acceptance 
characteristics of side-street drivers. The acceptance of a 
major-street gap is a very complex element of transportation 
engineering. However, there are human factors which influence 
the gap acceptance decision at a particular intersection. 
An interesting variation of the intersection entry 
problem was simulated by Wright et al. (1970), who 
demonstrated that accident avoidability was primarily 
determined by the decision-making behavior of the entering 
driver. Tsongos and Schwab (1970) also simulated an 
intersection- entering vehicle with a response button that was 
to be pushed at the last moment which the driver felt was safe 
to enter the intersection in front of an oncoming vehicle. 
These reaction time measures were compared with actual 
intersection entries made by the same driver subjects. The 
result was that acceptable lags were larger for the response 
button measures, although the effects of other experimental 
variables were similar for response button and actual 
intersection entry measures. Overall, they show that response 
button data can be used to infer actual behavioral effects and 
the differences in acceptable gaps suggests the possible role 
of error-cost evaluation in determining intersection entry. 
Solberg (1974) used motion pictures to record 
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intersection entry behavior in urban areas and found a linear 
relationship between the likelihood of gap acceptance and the 
logarithm of gap duration. Three methods of analyzing gap 
acceptance performance were compared and found to yield 
similar results. 
Howells et al. (1980) characterized the entry decision by 
three problem aspects: a) perceptual-computational factors; 
b) entering driver knowledge about the operating 
characteristics of the oncoming vehicle; and c) personality 
factors such as the risk-taking propensity of the entering 
driver. 
The perceptual-computational aspects of the intersection 
entry decision process are based upon the idea that the 
entering driver must accurately perceive the presence, speed, 
and distance of an oncoming vehicle from the intersection. 
Based on this perceptual information, the entering driver may 
compute an estimated arrival time for the oncoming vehicle. 
After an estimated vehicle arrival time has been computed, the 
entering driver may evaluate this estimate in order to 
determine whether it allows proper safety assurances. 
Howells et al. made a conjectural suggestion that it may be 
helpful to remove estimation error by radically reducing the 
speed limits at the intersection. 
The knowledge/memory aspect of the intersection entry 
decision process may be influenced by the driver's knowledge 
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of actual experience with the particular type of oncoming 
vehicle. For example, if the entering driver has had 
motorcycle driving experience, it may influence the 
intersection entry decision when the oncoming vehicle is a 
motorcycle. Howells et al. suggested that further research is 
needed both to determine experience level for safety 
improvement and to compare the effects of passively acquired 
knowledge. 
The third general aspect of the intersection entry 
decision process concerns the entering driver's risk-taking 
propensities. These may be related to personality 
characteristics as well as the perceived costs involved in an 
accident. Howells et al. suggested that future research will 
require the development of effective risk-taking reduction 
programs. 
Intersection safety management 
Management of traffic safety is a complex process that 
requires decision-making under uncertainty in assessing the 
influence of different conditions on safety. Many agencies 
and researchers have engaged in detailed studies of causes of 
traffic accidents. However, managers of traffic safety have 
been forced to rely on the traditional techniques given in 
handbooks and procedural manuals. 
Seneviratne (1990) introduced the use of knowledge-based 
systems to resolve safety issues at intersections. A menu-
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driven, microcomputer-based system is used to provide traffic 
engineers information to deal with inadequate data pertaining 
to events surrounding accidents, limited knowledge of the 
effectiveness of countermeasures, and constraints on resources 
to analyze the safety performance of the road network. This 
system also contains a simple algorithm for computing the 
required sight distance and is interfaced with the Signal 
Analysis Package for computing the optimal cycle time and 
splits. 
Ward et al, (1987) presented a hazard index which 
measures a different phenomenon associated with the 
probability of an accident occurring at a given intersection. 
Each index, based on a given number of accidents at a 
particular type of intersection, would not be expected to 
establish an identifiable pattern for that intersection type 
as long as no hazard contributed to the accidents. Ward et 
al. described a hazard index that included the location of 
intersection accidents and the distribution of the number of 
accidents among several different accident types. That is, 
concentrations of accidents in any specific category warrant a 
higher value of the index. A primary advantage of the 
intersection hazard Index is that it can be computed from the 
data in an accident records system and no field data 
collection is necessary. 
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Studies of Lateral Gap 
According to the Highway Capacity Manual (1985), the 
critical gap is defined as the median time headway between two 
successive vehicles in the major street traffic stream that is 
accepted by drivers in a subject movement that must cross 
and/or merge with the major street flow. 
Tables 1 and 2 give the basic critical gap size for types 
of movement, types of control, and major street speed. 
Table 1. Critical gap criteria for unsignalized intersections 
(Highway Capacity Manual, 1985, p. 7) 
Vehicle Maneuver 30 MPH 55 MPH 
Type of Control 2 lanes 4 lanes 2 lanes 4 lanes 
RT from Minor Road 
STOP 5.5 sec 5.5 sec 6.5 sec 6.5 sec 
YIELD 5.0 sec 5.0 sec 5.5 sec 5.5 sec 
Lt from Minor Road 
STOP 6.5 sec 7.0 sec 8.0 sec 8.5 sec 
YIELD 6.0 sec 6.5 sec 7.0 sec 7.5 sec 
Cross Major Road 
STOP 6.0 sec 6.5 sec 7.5 sec 8.0 sec 
YIELD 5.5 sec 6.0 sec 6.5 sec 7.0 sec 
Table 2. Adjustments to critical gap {Highway Capacity 
Manual, 1985, p. 7) 
Condition Adjustment 
RT from Minor Road -0.5 sec 
(Curb Radius>50 ft or Turn Angle<60 dg) 
RT from Minor Road -1.0 sec 
(Acceleration lane provided) 
All movements (Population > 250,000) -0.5 sec 
Restricted Sight Distance up to +1.0 sec 
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Several research projects have also been conducted to 
analyze the lateral time gap under different roadway and 
traffic conditions. Greenshileds et al. (1944) employed time-
motion pictures to study the time intervals accepted by 
drivers when crossing another traffic stream. Both controlled 
and uncontrolled intersections and, in particular, stop sign-
controlled intersections were included in the investigations. 
The average minimum acceptable time gap was defined as that 
value which is accepted by 50 percent of the drivers, A mean 
gap acceptance of 6.1 seconds was reported. 
A similar study was made with a 20-pen graphic recorder 
by Raff and Hart (1950) a few years later. The concept of a 
time lag was introduced and evaluated the concept of a time 
lag. As an alternative to Greenshileds' definition of an 
average minimum time gap. Raff and Hart developed the critical 
lag, which is defined as the median time lag. In median time 
lag, the number of accepted lags shorter than the critical 
time lag is equal to the number of rejected lags longer than 
this specific value. 
In comparing the critical lag with the time gap. Raff 
and Hart noted that the median time lag averaged about 0.2 
seconds greater than the critical lag and reported a mean lag 
acceptance of 5,9 seconds. However, both projects were 
limited to the considerations of vehicular delay and speed-
change performance. 
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Bissell (1960) considered movements an intersection as 
through, left turn, and right turn. A 20-pen graphic recorder 
was used to obtain the necessary data for two intersections 
within similar urban areas. The acceptance of lags was not 
significantly different from the acceptance of gaps, and a 
mean lag-and-gap acceptance of 5.8 seconds was obtained. 
Mortimer and Schuldt (1980) investigated the mean gap-
time accepted in each turning and crossing maneuver as a 
function of motorcycle front lighting. The results were 4.98 
seconds (right turn), 5,28 seconds (crossing), and 5.10 
seconds (left turn) for the mean gap time. 
Polus (1983) was also concerned with gap acceptance and 
traffic flow characteristics at two unsignalized T-junctions: 
one controlled by two YIELD signs and the other by a STOP and 
a YIELD sign. Polus defined and used a critical gap which was 
obtained from the distributions of rejected and accepted gaps 
(or lags) at the intersection point of the two distributions. 
Times reported were 7.47 seconds (merge to right) and 7.72 
seconds (turn to left) for the critical gap, and 7.55 seconds 
(merge to right) and 7.36 seconds (turn to left) for the 
critical lag. 
Statistical Process Control 
Statistical methods were first applied in 1924 to the 
problem of quality control by Walter A. Shewhart of the Bell 
Telephone Laboratories. However, the rate of adoption was 
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slow at first. The reason for this slow adoption was 
described by H. A. Freeman, a professor at the Massachusetts 
Institute of Technology: 
A deep-seated conviction of American production engineers 
were that their principal function is to so improve 
technical methods that no important quality variations 
remain, and that in any case, the laws of chance have no 
proper place among 'scientific' production methods 
(Duncan, 1986, p.2). 
The American military industry rapidly adopted 
statistical quality control during World War II. According to 
Duncan (1986), the influence of the military on the adoption 
of statistical process control was that the armed services 
themselves adopted scientifically designed sampling 
inspections procedures. From the United States quality 
control techniques have spread to other countries. 
Dr. Deming, an employee of the Bureau of the Census, went 
to Japan with statistical techniques in 1950 and returned to 
the United States in 1980 with 14 quality management concepts. 
These concepts were .first introduced to the Nashua Corporation 
and soon spread to other companies such as Ford Motors, Eaton 
Corporation, and General Motors. Deming (1986) emphasized 
that companies must move from the traditional way of quality 
inspection and move toward defect prevention techniques. 
An important development with respect to quality control 
standards was the organization in 1974 of Quality Assurance 
Committee Zl by the American National Standards Institute 
(ANSI) and the American Society for Quality Control, which has 
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been designated as the secretariat of this ANSI Committee Zl 
(Duncan, 1986). 
Methodology 
Statistical process control (SPC) is a powerful 
collection of problem-solving tools useful in achieving 
process stability and improving capability through the 
reduction of variability. Major tools employed in SPC were 
discussed by Ishikawa (1972; 1990) and are as follows: 
histogram, check sheet, pareto chart, cause and effect 
diagram, defect concentration diagram, scatter diagram, and 
control chart. In particular, Shewhart charts, cumulative sum 
(CUSUM) charts, and exponentially weighted moving average 
(EMMA) charts are frequently employed for process monitoring 
as part of statistical process control (Box & Kramer, 1992). 
While these tools are an important part of SPC, they comprise 
only the technical aspects. In other words, statistical 
process control is an attitude for continuous improvement. 
Wetherill and Brown (1991) described statistical process 
control as on-line or off-line. According to Wetherill and 
Brown, on-line methods can also be divided into two types--
screening or preventative. In screening, one inspects the 
output and if quality is not satisfactory, screens out the 
substandard items. On the other hand, in preventative 
statistical process methods, one inspects the process and 
tries to use process control to avoid defective items being 
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produced. Control charts can be used as a screening mechanism 
and sampling inspection can be used in a preventative manner. 
Wetherill also emphasized that the importance of on-line 
statistical process methods lies in their use as preventative 
procedures. 
Off-line process control is often the next step following 
on-line statistical process control. According to Wetherill 
and Brown, it should be built into the design and setup of a 
process from the start. That is, the aim is to reduce or 
remove the effect of potential causes of variability by 
modifying the process thereby making it less sensitive to 
these causes. The experimental design stage is essential for 
off-line statistical process control and often time series and 
principal components analyses can be used to trace back 
variations through the process. 
Process variation 
Shewhart's fundamental qualitative insight regarding 
variation in a process overtime is that overall variations 
equals common variations plus special variations (Shewhart, 
1931). The common variation was conceived as being that which 
will remain even under the most careful process monitoring. 
That is, variation cannot be reduced without basic changes in 
the physical process. However, special variations can be 
eliminated by appropriate physical interventions. If one can 
eliminate the cause of any assignable variations, then process 
30 
stability can be obtained. 
Industrial processes also display a wide variety of types 
of variation. For example, component manufacturing industries 
have processes which have much simpler types of variation than 
that of process industries. According to Wetherill and Brown, 
some amendment to the method is needed to deal with the other 
type of variations. Also suggested were some theoretical 
models of variations on which to base studies of statistical 
process control techniques. The simplest situation is where 
there is a simple normal variation satisfying the model: 
Xjj = p + o„eij i = 1, 2,.., k and j =1, 2,.., n 
where n is the number of observations in a group, k is the 
number of groups, \i is the overall mean, is the (within-
group variance, and are independent W{0,1) variables. 
Often in an industry process, the variation of group 
means will be more than what is expected from the simple 
random variation model. The process parameters, such as kiln 
temperatures, may vary slightly, introducing extra variation. 
An appropriate model is: 
Xij = p + OpW; + o„eij i = 1, 2,.., k and j = 1, 2,.., n 
where Or is the between-group variance, and IVj are independent 
N{0,1) varieties. From the model, 
V(Xij) = a\ + a\ and V (x^J = a\ + (oVn) 
These results are important for charting methods. 
Wetherill observed that increasing the group size n reduces 
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the amount of within-group variation in the sample mean, but 
does not affect the between-group component. 
For some process industries, successive groups of 
observations might be correlated. This may due to the fact 
that process parameters, such as pressures, temperatures, etc. 
vary rather slowly. A suitable model might be: 
Xjj = + (Vj + OwGij where and IVq = 0. 
The parameter p (-I2 p 2 1) determines the correlation between 
groups. The asymptotic variance is easily determined, 
vm = p'vm + a\ = a\ /  (1-pM . 
Therefore: 
V(Xij) = a\/{1 - p^) + a\, , y(XiJ = a\/{1 - p^) + a\,/n 
Process capability 
Process capability refers to the uniformity of the 
process (Montgomery, 1991) whereby the variability in the 
process is a measure of the uniformity of output. A 
fundamental problem to decide is what variables should be 
measured and how many charts used to be setup. Ideally, one 
wants to take measurements which will help pinpoint the causes 
of process variation. 
According to Mench (1980, p.119), occasionally a process 
capability study may be terminated before full statistical 
control is achieved if: 
1. the cause and defect of the out of control condition is 
known and is minor and its correction is difficult or 
expensive, or 
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2. the process meets the specification even with the known 
out-of-control condition. 
The process capability is the best performance 
that can be expected from the existing process running under 
normal conditions without any major expenditures for process 
improvements. 
Generally, two capability indices for simple random 
processes are used (Wetherill and Brown, 1991) . One process 
capability index is a process capability ratio that ignores 
process aim. It is a measure of potential process 
performance: Cp = (U-L) / 6o„ , where U and L are upper and 
lower control limits. The denominator of Cp is the range 
covering 99.7 % of the distribution. A value of Cp less than 
one shows low capability. A value of between 1.0 and 1.60 
shows medium relative capability and more than 1.6 shows high 
capability. Another process performance index is a process 
capability index that takes into account the process aim. It 
is a measure of present process performance: Cpk = min {(U-
p)/3o , (p-L)/3o}, where ja is the process mean. This index 
reflects differential distance of lower control limit and 
upper control limit from the process mean. 
Manufacturing applications 
The emphasis of statistical process control has been on 
its direct applicability to control within the manufacturing 
environment and has achieved many successes. Koons and Luner 
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(1991) described an application of statistical process control 
tools to a low-volume manufacturing environment. Three 
vertical milling machines located in McDonnell Aircraft 
Company's machining center were selected for using the 
statistical process control approach (Figure 1). The variance 
control chart is shown in Figure 2. 
Burke (1991) explored statistical quality control 
methodology that may be applied to monitor component 
reliability both in life test experiments and in-service. The 
object of such monitoring would be to detect alterations in 
the expected life of the component which may be caused by 
changes in materials and manufacturing practices. 
Sweeney (1990) reported that a statistical process 
control approach leads to the use of single and multiple 
modified Shewhart control charts to detect corresponding 
parameter shift patterns in the Indianapolis Advanced 
Wastewater Treatment Plant. Control chart limits for each 
nitrification parameter chart were based on the standard 
deviation obtained from the results of ARIMA time-series 
modeling and a smoothed 24-hour moving average. 
Nonmanufacturinq applications 
There have been many successful applications of 
statistical process control methods in the manufacturing 
environment and many applications of total quality management 
in the nonmanufacturing environment. However, there are few 
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nonindustrial applications of straightforward statistical 
process control because of the lack of a quantitative and 
objective measurement system. According to Montgomery (1991), 
once the system is adequately defined and a valid measurement 
system has been developed, most of the statistical process 
control tools can be easily applied to a wide variety of 
nonraanufacturing operations. 
The benefits of statistical process control are not 
limited to the shop floor. Service and support operations can 
be improved significantly by using statistical process control 
techniques to reduce data-entry errors. Clifton (1989) 
applied statistical process control to one of the company-
owned distribution centers located in North America and 
reported that they reduced order-entry error rate of 5% to 
0.8%, Table 3 shows the statistical process control 
procedures used to achieve these results. 
Smith (1989) and Scott (1991) introduced statistical 
process control techniques to a safety program. According to 
Smith, in the traditional approach to safety, the practioners 
of the profession have put forth the theory that 85 percent of 
the basic causes of accidents are "unsafe action" which are 
the fault of employees. In fact, Non-SPC quality managers 
often find ways to place the blame for nonconformance to 
standards on the employees who are doing the work. However, 
Smith said that responsibility belongs to management and to 
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Table 3. A seven-step program for reducing order-entry error 
(Clifton, 1989, p.137) 
STEP SPG Technique RESULTS 
1. Training 
2. Strategy Planning 
3. Identify Problem 
4. Determine Causes 
5. Problem Analysis 
6. Implement Solutions 
7. Monitor Results 
Gant Chart 
Cause-Effect Diagrams 
Check Lists 
Pareto Charts 
Run Charts 
Involved all order-entry 
personnel and updated SPC 
skills 
Activity schedule for 
investigation and analysis 
Developed listing of all 
known potential causes 
To provide data on the 
occurrence of these causes 
Major causes of problem 
Training 
Error rates fell from 5% 
to 0.8% and productivity 
increased by 26% 
find the real causes of accidents, safety programs will have 
to use the principles of Statistical Process Control. Scott 
also suggested that control charts will have to be developed 
to determine what the process is doing in regard to accident 
reduction. Scott believed that these charts will give 
management and employees the data needed to determine if 
accident causes are common or special. That is, by using 
these charts proper methods for accident prevention can be 
developed and maintained. 
Carter (1985), from Boston University, also explored the 
impact of various methods of buyer and supplier communication 
in improving the quality of purchased item. An experimental 
setting was designed and used to compare the two vendor 
communication models with respect to differences in types and 
frequency of quality assurance information transmitted between 
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the user and vendor. 
Kalidindi (1991) presented a conceptual model for 
application of statistical process control in construction 
engineering organizations. This research reported that: 
1. quality measures should include cost and schedule 
measures in addition to defects measures, 
2. Demerit rating schemes can be used to overcome the 
problem that errors vary in seriousness, and 
3. a change in culture of the organization is required 
before statistical process control techniques can be used 
effectively. 
Sikorsky (1990), from Texas A&M University, also 
presented the possibility of utilizing statistical process 
control theory to improve the productivity of the existing 
design-construction process. First the relationship was 
analyzed between poor quality and declining productivity in 
this area. Then sufficient conditions were developed for the 
existence of quality in current design-construction process by 
using quality control techniques. 
Summary 
This chapter focused on both the method of gap acceptance 
theory and statistical process control. The first section 
discussed and compared several research studies related to the 
general characteristics of intersections. After causal 
factors of intersection accidents were discussed, special 
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attention was given to the stop-controlled unsignalized 
intersections which had the higher intersection rate. 
Environmental and human aspects of causal factors were 
examined for the gap distributions at the unsignalized 
intersections. Intersection safety systems were also 
reviewed. 
The second section reported time-gap measurements for 
drivers. The concept of critical gap was introduced and 
different ways of calculating critical gaps were reported. 
Several critical gap sizes were recommended by researchers 
which are close to six seconds for the lateral gap size. 
Statistical process control methodology was reviewed in 
the third section. Several applications of statistical 
process control for the manufacturing industry were discussed 
In addition, nonmanufacturing applications of statistical 
process control were investigated and several models from non 
industrial areas were examined, including construction, 
design, and safety. An attempt was made to investigate the 
usability of statistical process control in the 
nonmanufacturing areas. 
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CHAPTER III. METHODS AND PROCEDURES 
The methods of this study consist of three phases. The 
first phase of the study measures the lateral time-gap used by 
drivers entering a major road stream of traffic from a minor 
street controlled by a stop sign. Since many accidents can be 
attributed to the driver's misjudging the lateral gap, this 
phase was designed to determine what the average lateral time-
gap would be for motorists and identify the sources of 
variation. The second phase of the study analyzes and 
interprets the time-gap data using statistical process control 
methods and applies two types of statistical process control 
charts to apply to the transportation safety. The third phase 
of the study detects out-of-control intersections at each time 
period and attempts to identify significant factors affecting 
the selection of time gaps. 
Methods for Phase I 
The purpose of Phase I was to determine the average 
lateral time gap used by motorists entering two- or four-lane 
roadways while making a left turn. A secondary purpose was to 
assess the effects of the driver, vehicle, and roadway 
environment on gap selection using an analysis of variance. 
Selecting suitable study parameters involved the 
consideration of several factors. To obtain a large and 
representative sample of drivers, three regions in Iowa were 
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chosen: East, Central, and West. These regions represented 
the largest population centers in the state. The cities 
included Des Moines, Davenport, Dubuque, Cedar Rapids, Council 
Bluffs, and Sioux City. For the purpose of this study, these 
cities were classified as medium (population 65,000 or fewer) 
and large (100,000 or more) standard metropolitan areas. The 
choice of these particular communities permitted a comparison 
of driving habits related to city size. 
The intersections chosen included both low-volume minor 
roadways and high-volume major roadways. The minor road was 
controlled by a stop sign and had fewer than 900 vehicles per 
day, while the major roadway had either two or four lanes 
with a traffic volume between 6,000 and 19,000 or more 
vehicles per day. In the six cities, a total of 27 urban 
intersections were surveyed (Table 4). 
The survey was conducted by three teams consisting of two 
members per group. Each of the team members had different 
survey responsibilities. One person would record the time of 
the oncoming vehicle on the major roadway to a designated 
reference point in the intersection (Figure 3). 
The second recorder monitored the vehicle on the minor 
roadway. The survey person recorded the gender of the driver, 
approximate age, types of vehicle and transmission, license 
plate number, and delay time before proceeding from the stop 
sign (Figure 4). 
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Table 4. Location of intersections 
City Locations Types of Road 
Des Moines 63rd/Franklin Two by Two 
63rd/Winona-Mapel Two by Two 
Douglas/50th Two by Four 
Hickman/50th Two by Four 
Grand/41st Two by Four 
Hickman/62nd Two by Four 
Davenport Jersey Ridge/E. 12th Two by Two 
Jersey Ridge/E. Elm Two by Two 
W. 53rd/Marovette Two by Four 
W. 53rd/Appomattox Two by Four 
W. Locust/Pine Two by Four 
W. Locust/Sturdevant Two by Four 
Dubuque University/N. Angona Two by Two 
Asbury/Chaney Two by Two 
J.F. Kennedy/Foothill Two by Four 
Dodge/Booth Two by Four 
Dodge/Fremont-Lombard Two by Four 
Dodge/Cherokee Two by Four 
Cedar Rapids Bever/Forest Two by Two 
Bever/30th Two by Two 
Mt. Vernon/32nd Two by Four 
8th/5th Two by Four 
Council Bluffs 5th/S. 25th Two by Two 
23rd/S. 11th Two by Two 
E. Pierce/Nicholas Two by Two 
E. Pierce/Grace Two by Two 
Sioux City Transit/S.Paxton Two by Two 
Measuring equipment 
Three commercially available gap counting systems were 
investigated for their availability, portability, and cost. A 
single system was selected and compared with a split-hand stop 
watch. The Titan counter system was studied since it was 
available through the Iowa Department of Transportation. The 
scoring times obtained from the Titan system were compared 
with the results of a 625 Wiz Accusplit stop watch. 
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Figure 3. Recording sheet for oncoming vehicle on the major 
road 
TIME/GAP STUDY DATE CITY START END 
major minor 
O 1 LOCATION 
— SPEED D to T.S 
|o VOLUME 
TIME VARIABLES 
N WT LT RT 
SEX 
ST H F 
AGE 
16U 2SU SOU 
CHD SHIFT VEH.TYPE 
C M F V T 
Figure 4. Recording sheet for entering vehicle from the minor 
road 
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A pilot test was conducted in which 67 observations were 
surveyed using both the Titan system and the spilt-hand stop 
watch. A t-test was administered at the 95 percent confidence 
level. The findings showed that there were no significant 
differences between the Titan system and the stop watch and 
the correlation coefficient was 0.83. Therefore, a stop watch 
was chosen as the measuring instrument for this study. 
The timing zones were set for the vehicles on both the 
minor and major roadways. The timing procedure began when the 
test subject on the minor roadway began to move. At the same 
time, the oncoming vehicle was also being timed on the major 
roadway until it crossed a designated point in the middle of 
the intersection (Figure 5). 
Data analysis 
The total population for this study was 1,981 subjects. 
For this sample, 1,168 subjects were surveyed for the two-by-
two roadway and 813 subjects for the two-by-four roadway. All 
of the vehicles were selected for a left turn only from the 
minor road (Figure 6), 
The lateral or side time gap study was conducted over 
three days at each of the six cities. The survey was 
conducted between 7:00 and 9:00 a.m., 11:00 a.m. and 1:00 
p.m., and from 4:00 to 6:00 p.m. at each of the three 
intersections surveyed at each city. These time periods were 
expected to yield the largest sample population since they 
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represented the peak periods for traffic counts. 
Any vehicle on the minor roadway that failed to come to a 
complete stop was not counted in the sample used to determine 
acceptable lateral time gaps. The sample data consisted of 
gender and age of drivers, presence of children, traffic 
volume, speed limit, and types of vehicle and transmission 
(Table 5). 
The data from the 1,987 participants were analyzed by 
applying the one-way analysis of variance and the correlation 
analysis for exploratory purposes. Also, a two-factor 
factorial design was used to identify the sources of variation 
that contributed to the total variation. 
Table 5. List of variables 
Variable Level 
Gap 
Wait 
Left 
Road 
Site 
Time 
City 
Gender 
Age 
Child 
Traffic Volume 
Speed 
Vehicle 
Transmission 
lateral time gap 
wait time 
left turn time 
two-by-two, four-by-two 
27 locations 
morning, noon, evening 
Des Moines, Davenport, Dubuque 
Cedar Rapids, Council Bluffs, Sioux City 
male, female 
< 25, 25-50, > 50 
children, no children 
3000-6000 A.D.T., 6001-12000 A.D.T. 
12001-19000 A.D.T., 19001 above 
30 m.p.h, 35 m.p.h. 
compact, medium, full, van, pick-up truck 
automatic, standard 
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Methods for Phase II 
As Shewhart (1931) pointed out, a control chart can serve 
to define the standard for a process that management might 
strive to attain, to use as an instrument for attaining that 
goal, and to serve as a means of judging whether the goal has 
been reached. 
A control chart is also of great value in helping to 
distinguish between so-called common causes and special 
causes. Therefore, a control chart can help to confirm that 
the common-cause system remains in place and react to possible 
assignable causes. Box and Kramer (1992) recommended that, 
because the search for assignable cause is usually expensive 
in time and money, it is reasonable not to begin such a search 
unless one has real evidence of a departure from the common-
cause model. 
Selection of the chart 
There are several different kinds of control chart 
showing various statistics, with control limits calculated by 
various statistical methods: x chart, R chart, S chart, 
chart, median chart, p chart, np chart, c chart, u chart, 
cumulative-sum chart, exponentially weighted moving-average 
chart, and so on. 
In particular, the x chart, R chart, S chart, cumulative-
sum chart (CUSUM chart), and exponentially weighted moving-
average chart (EWMA chart) are frequently employed for process 
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monitoring of variables which have a single measurable quality 
characteristic. 
The purpose for the x chart and R chart is to operate a 
simple mechanism for controlling the average level and spread 
of a process, that is, one to control process level and one to 
control process spread. The theory of x and R charts 
originated with Shewhart (1931) and is usually called the 
Shewhart control chart. Wetherill and Brown (1991) reported 
the advantage of the Shewhart control charts is that they are 
good at detecting sudden jumps in average level, they are 
reliable, and they are easy to understand. 
Hoerl and Palm (1992) wrote that of the one great virtues 
of the Shewhart chart is that it is a plot of the actual data 
and thus can expose types of nonrandomness of a totally 
unexpected kind. It can also be applied by a wider group of 
workers and is less likely to be misused. 
A major disadvantage of any Shewhart control chart is 
that it only uses the information about the process contained 
in the last plotted point and it ignores any information given 
by the entire sequence of points. This feature makes the 
Shewhart control chart relatively insensitive to small shifts 
in the process, e.g., on the order of about 1.5o, or less. In 
addition, other criteria can be applied to Shewhart charts to 
increase sensitivity, such as the use of warning limits which 
attempt to incorporate information from the entire set of 
48 
points into the decision-making process (Montgomery, 1991). 
The exponentially weighted moving average (EWMA) control 
chart was introduced by Robert (1959), and its performance is 
approximately equivalent to that of the cumulative-sum control 
chart. Basically, the method is to form a new moving-average 
at each sampling point by calculating a weighted average of 
the new value and the previous moving-average. Therefore, in 
the exponentially weighted moving-average chart all of the 
past data has some effect on the current value, but it rapidly 
loses influence. 
Cumulative-sum control (CUSUM) charts were first proposed 
by Page (1954) and have been studied by many authors including 
Ewan (1963), Johnson (1961), Page (1961), and Lucas and 
Crosier (1982). The cumulative-sum chart incorporates all the 
information directly in the sequence of sample values by 
plotting the cumulative sums of deviations of the sample 
values from a target value. Furthermore, it is particularly 
effective with samples of n = 1 (Montgomery, 1991). This 
makes the cumulative-sum control chart a good candidate for 
use in the chemical and process industries where rationale 
subgroups are frequently of size one. 
There is a generally accepted myth that CUSUM and EWMA 
charts are more effective at detecting special causes. In 
actuality, CUSUM and EWMA are more effective at detecting a 
small permanent shift (e.g., one standard deviation) on the 
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average. 
It is difficult to give an exact solution to a control 
chart design, unless the analyst has detailed information 
about all the factors that affect the design. Phase II 
detailed the setup of an optimum Shewhart control chart for 
the time gap measurements for the unsignalized intersections. 
All of the charting procedures are based on information from 
the Phase I of the study. The construction of x/R charts were 
made by plotting the time gap values of drivers at the 
unsignalized intersection at each time period. These plots 
give data on the safety performance of the drivers' decisions. 
Therefore, high-risk intersections and times can be detected 
by using the charts. They also give the variations at each 
specified intersection and times if out-of-control samples are 
detected. High-risk intersections at each time period will be 
defined when they are out of control from the process average 
and spread. In addition, the EWMA chart will be applied to 
each specific high-risk intersection to verify the special 
variations at Phase III. 
Construction of the Shewhart control chart 
The problem of choosing the sample size and the frequency 
of sampling is one of allocating sampling effort. 
Montgomery (1991) suggested that, since the decision maker 
will have only a limited number of resources to allocate, the 
available strategies will usually be either to take small. 
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frequent samples or to take larger samples less frequently. 
In this study, morning (2 hours), noon (2 hours), and evening 
(2 hours) blocks were made for collecting a large number of 
samples, and 27 unsignalized intersections throughout Iowa 
were selected based on the traffic volumes. 
From a statistical point of view, the average run length 
curve of an x chart can be helpful in choosing the sample 
size. That is, the average run length curve will give how 
many groups, on average, will have to be sampled before a 
given change in the process mean is detected. Wetherill and 
Brown (1991) provided the average run length table for an x 
chart (Table 6). For example, using Table 6, if the true mean 
of the process differs from the target value by the amount of 
o//n, so that 8/(o//n) equals 1.0, an average of 26.35 groups 
will be sampled until an out-of-control signal is given. 
In the case of the two-by-two intersections, there are 13 
sites and 3 time blocks (morning, noon, & evening) and these 
make 39 sites and times in combination. Since a was 1.94 for 
the two-by-two intersections and one wishes to detect a change 
in the mean of one unit, then n can be calculated by the 
following equation using the table: l/(1.94/v/n = 1.0) with n = 
3.84. Consequently, at least four observations for each group 
might be needed. 
In the case of the two-by-four intersections, there are 
14 sites and 3 time blocks (morning, noon, & evening) which 
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Table 6. ARL for deviations of various size 0 from the 
target value (Wetherill, 1991, p. 103) 
Deviation in standard 
error units 0/(o/\/n) 
Probability 
limits 
Popular 
limits 
0 . 0  
0.5 
1 . 0  
1.5 
2 . 0  
2.5 
320.00 
108.03 
26.35 
8.92 
4.14 
2.47 
278.00 
1 0 0 . 6 0  
25.61 
8.78 
4.07 
2.41 
makes 42 sites and times in combination. Since o was 1.79 and 
one wishes to detect a change in the mean of one unit, then n 
can also be calculated by the following equation: l/(1.79//n) 
= 1,0 with n = 3.20. Therefore, at the minimum three 
observations for each group might also be needed for the two-
by-four intersections. 
Montgomery (1991) suggested that if the x chart is being 
used primarily to detect moderate-to-large process shifts of 
2a or larger, then a relatively small sample size of n = 4, 5, 
or 6 is reasonably effective. In this study, the sample of 
size n = 6 is used for each subgroup of sites at the two-by-
two and two-by-four intersections. 
The rational subgroup concept also plays an important 
role in the use of % and R control charts because the x chart 
monitors between-sample variability and the R chart measures 
within-sample variability. According to Montgomery, an 
estimate of the process standard deviation a used in 
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constructing the control limits is calculated from the 
variability only within each sample and the estimate of o 
reflects within-sample variability. Therefore, it is not 
correct to estimate the standard deviation on the usual 
quadratic estimator because it will be over-estimated. 
The subgroup size should be the same if possible; 
otherwise, different widths of control limits are required for 
each of the subgroups. Since the time gap data naturally fell 
into subgroups of varying sizes (e.g., n = 76, 54, 14, 8, 7, 
etc.), it was necessary to arrange subgroups of the same size. 
Therefore, n = 6 for the sample size was obtained at random 
from each of the subgroups. Also, all the subgroups coded by 
1-39 for the two-by-two roads and 1-42 for the two by four 
roads. Consequently, because they had a sample size of less 
than n = 6, the following subgroups were removed: subgroup 34 
(site 12, morning), for the two-by-two road and subgroup 10 
(site 4, morning), subgroup 12 (site 4, evening), subgroup 16 
(site 6, morning), and subgroup 37 (site 13, morning) for the 
two-by-four road. 
Montgomery emphasized that there is no relationship 
between the control limits on the x and R charts and the 
specification limits on the process. The control limits are 
made by the natural variability of the process (measured by 
the process standard deviation o), that is, by the natural 
tolerance limits of the process. It is customary to define 
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the upper and lower natural tolerance limits for the 3-sigma 
width. However, according to Montgomery, if false alarms or 
Type I errors are very expensive to investigate, then it may 
be best to use wider control limits of 3-sigma, perhaps as 
wide as 3.5-sigma. If the process is such that out-of-control 
signals are easily investigated with a minimum of lost time 
and cost, then a narrower control limit such as 2-sigma is 
appropriate. 
Montgomery also reported the probability limits by 
specifying the Type I error level for the test. A desired 
Type I error of alpha can be obtained by choosing a multiple 
of Sigma for the control limit such as k = Z,/;, where Z,/; is 
the upper a/2 percentage point of the standard normal 
distribution. Note that the usual 3-sigma limits imply that 
the Type I error probability is a = 0.0027. If one chooses 
a = 0.002, then 2,o.ooi = 3.09. Consequently, there is very 
little difference between the probability control limits and 
the 3-sigma control limits. 
Duncan compared two different control limits by using the 
Camp-Meidel variation of Tchebychev's inequality. It gives a 
maximum figure for the probability of exceeding a control 
limit, whatever the statistical law of variation in quality. 
According to the Camp-Meidel formula, under fairly general 
conditions the probability that a variable will deviate from 
its mean by more then ko' is less than 1 / (2.25k^). 
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Therefore, the probability of exceeding a 3-sigma control 
limit is less than 1/20.25, or less than 0.050. This is 
somewhat greater than 0.001 but is still not very large. 
In fact, a Shewhart control chart is essentially a 
picture of a sampling distribution. That is, it consists of a 
series of sample values or statistics plotted in sequence and 
form a distribution. The primary characteristic of a natural 
pattern is that the points plot at random and obey the laws of 
chance (Western Electric, 1956). 
The characteristics of a natural pattern were summarized 
by Western Electric: 
1. Most points are near the solid center line. 
2. A few points spread out and approach the control limits. 
3. None of the points (or at least only a very rare and 
occasional point) exceeds the control limits. 
In addition, the following unnatural patterns were 
summarized for the control chart (Western Electric, 1956): 
1. Stratification: If the up-and-down variations are very 
small in comparison with the width of the control chart 
limits, the control chart indicates stratification in the 
samples. This means that the sampling is being done 
systematically in such a way that two or more different 
distributions are presented. 
2. Mixtures; If the pattern shows a tendency to avoid the 
centerline in which too many points fall near the control 
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limits, it is an indication of mixtures such as seasonal 
effects by temperature and humidity. 
3. Systematic variation/cycles: The presence of a 
systematic variable in the process is indicated if a long 
series of points are high - low - high - low without any 
interruption in this regular sequence. 
4. Changes in level: Trend, sudden, and gradual variations 
may be indicated by a series of consecutive points 
without a change in direction. 
Therefore, in recognition of the elementary "one point 
out-of-control limit" mode for using the control chart is 
blind to the different variation patterns. As a result, a 
variety of special checks have been developed by researchers 
and advocated to Shewhart control charts. Duncan (1986) 
suggested the following criteria for detecting out-of-control 
samples : 
1. One or more points are outside the control limits. 
2. One or more points are in the vicinity of warning limit. 
This suggests a need for taking more data to check on the 
possibility of the process being out-of-control, 
3. There is a run of 7 or more points. This might be a run 
up or run down the central line on the control chart. 
4. Cycles or other nonrandom patterns in the data. 
5. A run of 2 or 3 points is outside the 2-sigma limits. 
6. A run of 4 or 5 points is outside the 1-sigma limits. 
56 
Nelson (1978) reported the different alarm rules for 
detecting out-of-control samples. They are as follows: 
1. A single point is outside of 3-sigma limits. 
2. Nine points are in a row on one side of the center. 
3. Six points are in a row increasing or decreasing. 
4. Fourteen points are in a row alternating up and down. 
5. Two of three points are outside the 2-sigma limits on a 
given side of center. 
6. Four out of five points outside the 1-sigma limits on a 
given side of center. 
7. Fifteen in a row inside the 1-sigma limits. 
8. Eight are in a row with none inside the 1-sigma limits. 
Clearly, the possibilities are endless for such sets of 
tests. Therefore, this research study employed the following 
decision rules that are listed as common rules from the 
previous research studies: 
1. A single point outside of 3-sigma limits (risk limit). 
2. Two consecutive points outside of 2-sigma limits (warning 
limit). 
Control limit I If the standard values of the process 
mean and the standard deviation are given, the following 
equations could be used as upper and lower control limits on a 
chart for sample means: 
U ± Za/2 0% = ]i ± Z./2(o//n) 
Also, it is customary to replace Z by 3, so that 3-sigma 
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limits are employed. Therefore, the parameters of the x chart 
are : 
Center = ]i 
Control Limit = la ± 3 (a/^n) 
There is also a relationship between the range of a 
sample from a normal distribution and the standard deviation 
of that distribution. The random variable W = R/o is called 
the relative range. The parameters of the distribution W are 
function of the sample size n. Thus, the mean of W is dg and 
o can be rewritten as R/dg. Furthermore, the standard 
deviation of R is = djO, where dj is the standard deviation 
of the distribution of the relative range. By using Table 7, 
one can find the d2 and d3 constants. Then, the parameters of 
the R chart will be: 
Center = dgO 
Control Limit = d^o ± SdjO 
According to Montgomery, for moderate values of n (e.g., 
n > 10), the range loses efficiency rapidly. However, for a 
small number of sample sizes it is satisfactory (Table 8). 
Control limit II In practice, one usually does not 
know p and o. Therefore, they must be estimated from 
preliminary samples taken when the process is thought to be in 
control. Then, the best estimator of p is the grand average. 
To construct the control limits, one needs an estimator of the 
standard deviation o. One may estimate o from either of the 
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Table 7. Control chart constants (Montgomery, 1986, p. A-15) 
n d2 d3 
2 1.128 0.853 
3 1.693 0.888 
4 2.059 0.880 
5 2.326 0.864 
6 2.534 0.848 
7 2.704 0.833 
8 2.847 0.820 
9 2.970 0.808 
10 3.078 0.797 
11 3.173 0.787 
12 3.258 0.778 
13 3.336 0.770 
14 3.407 0.762 
15 3.472 0.755 
20 3.735 0.729 
25 3.931 0.709 
Table 8. Relative efficiency of the range method (Montgomery 
1986, p. 204) 
n Relative Efficiency 
2 1.000 
3 0.992 
4 0.975 
5 0.955 
6 0.930 
10 0.850 
standard deviations or the ranges of the samples. The most 
common method is based on the range method. An estimator of o 
is Ô = R / d;. The parameters of the x chart are as follows: 
Center line = grand mean 
Control Limit = X ± (3/ (d^/n) ) R 
59 
The parameters of an R chart are similar to the x chart. 
One needs an estimate of Or for the control limits. Since the 
normal distribution is assumed, Or can be drawn from the 
relative range W = R/o and the standard deviation of W (e.g., 
dj is a function of n) . Since R = Wo, Or = djO, and thus, Ôr = 
dj { R / dz). Consequently, the parameters of the R chart are 
Center Line = R 
Control Limit = R ± 30r = R ± Sdj ( R / d?) 
Control limit III Since a variation is inherent in 
sampling, the average levels and the spreads as indicated by 
the samples will vary from sample to sample even if the true 
process average and spread are constant. This presents two 
possible dangers, which are a Type I risk and a Type II risk. 
The design of the action limit for the x chart from the 
single specification limit using Type I and Type II risks was 
proposed by Wetherill and Brown (1991). Wetherill and Brown 
discussed how far to put the action boundary from the 
specification limit for the one-sided x chart. This distance 
is denoted if one wishes to choose Kg and the group size n to 
satisfy design requirements. 
In an example of finding KgO, suppose there are rather 
narrow-minded producers and consumers who put requirements on 
what they want. The producer is only interested in ensuring 
that when process average and process spread are such that 
there is only a small probability Pa of the distribution 
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beyond the specifications limits, then the average run length 
is at least La. From the normal distribution tables one can 
equate this probability Pa to a distance Zp^o of the mean from 
the specification limit, so that P = l-(p(Zp), where (p(Z) is 
the standard normal integral. When a producer decides that if 
only 0.001 {Pa} is beyond the specification limit, then the 
average run length must be at least 500 (La). For a 
probability of 0.001 beyond specification, the process mean 
must be at least 3.0902o (Zp^o) from the specification. 
Similarly, when a narrow-minded consumer insists that if 
the probability beyond specification is Pr' then the average 
run length must be no more than Lr. Again, one can give an 
equivalent position for the process mean which is a 
probability Pr beyond the specification limit. For example, 
if the probability beyond specification is 0.01 {Pr) , the 
consumer may set ARL = 5 (Lr). Then the process mean must be 
2.3263a (Zp^o) . Then the standardized Z^,,. and Z^^ corresponding 
to La and Lr can be obtained from the Table 9. If one uses a 
group size n where n is the lowest integer greater than 
n = (Z^a - ZLr)' / (Zpa " Zpr)' 
Then, the action limit KgO can be obtained from 
Kg = Zpa - Z^a//n leading to n = 6 and Kg = 1,86. 
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Table 9. ARL values for one-sided x chart (Wetherill, 1991, 
p. 203) 
Mean ARL Mean ARL 
0.00 1.67 3.07 593.2 
0.10 1.76 3.08 616.0 
0.20 1.86 3.09 639.7 
0.30 1.99 3.11 690.2 
0.40 2.13 3.12 717.0 
0.50 2.29 3.13 745.0 
0.60 2.49 3.14 774.1 
0.70 2.71 3.15 804.4 
0.80 2.99 3.16 835.9 
0.90 3.31 3.17 868.8 
1.00 3.71 3.18 903.1 
1.10 4.19 3.19 938.8 
1.20 4.78 3.20 976.0 
1.30 5.52 3.21 1014.8 
1.40 6.44 3.22 1055.2 
1.50 7.60 3.23 1097.3 
1.60 9.08 3.24 1141.2 
1.70 11.00 3.25 1187.0 
1.80 13.49 3.26 1234.7 
1.90 15.77 3.27 1284.4 
2.00 21.15 3.28 1336.3 
2.70 158.50 3.29 1390.3 
2.75 187.70 3.30 1446.7 
2.80 223.00 3.31 1505.5 
2.82 239.10 3.32 1566.8 
2.84 265.60 3.33 1630.7 
2.86 275.20 3.34 1697.4 
2.88 295.50 3.35 1766.9 
2.90 317.40 3.36 1839.5 
2.92 341.00 3.37 1915.2 
2.94 366.60 3.38 1994.1 
2.96 394.40 3.39 2076.4 
2.98 424.30 3.40 2162.4 
3.00 456.80 3.42 2345.6 
3.01 474.00 3.44 2545.1 
3.02 492.00 3.46 2762.5 
3.03 510.60 3.48 2999.2 
3.04 530.00 3.50 3257.3 
3.05 550.20 3.55 4008.8 
3.06 571.30 3.60 4942.2 
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Methods for Phase III 
After out-of-control time gap samples were detected from 
the high-risk intersections at each time period, special 
attention was given to the causes of special variations. 
Several kinds of different tools might be used to aid 
identifying vital factors to the special variations (Ishikawa, 
1972; 1990). For example, design of experiments, computer 
simulations, and cause-and-effect analysis might be good 
candidates. 
When a process is judged to be out of control, the person 
responsible for controlling the process must immediately be 
tracked down to expose the causes. Tracking down causes 
requires technical knowledge and a variety of statistical 
methods. The information yielded by control charts is helpful 
in this process. 
In this research study, the EWMA chart was applied to the 
highest-risk intersection, which was defined by using the 
Shewhart control chart. Generally, there are two possible 
uses for an EWMA chart. One is process monitoring for 
detecting shifts and the other is process monitoring. For 
purposes which are essentially random variation with periodic 
shifts in mean level, the EWMA is useful for monitoring the 
process and alerting the user that a shift has occurred. For 
processes with gradual drift, the EWMA is also useful for 
forecasting (Crowder, 1989). 
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The hypothesis test procedure was also used as a tool to 
investigate special variations. Within the limits of this 
research study, several factors, including gender and age of 
drivers, presence of children, speed limit, traffic volume, 
and types of vehicle and transmission were investigated by 
using chi-square tests for independence. In addition, 
accidents reported for observed intersections (July, 1987 -
June, 1992) were compared with high- or low-risk intersections 
at each time period from the control chart. 
Construction of the EWMA chart 
The successive values of the EWMA can be described by 
EWMAt = (l-A,)EWMAt.i + A,yi, 0<A:£l, t = l, 2,... 
In this example A is a smoothing constant and y^ is the sample 
average observed at time t, and is assumed to be normally 
distributed. Roberts (1959) and Crowder (1987) have shown 
that for purposes of detecting shifts in the mean level, large 
values of X are optimal for detecting large shifts and small 
values of \ are optimal for detecting small shifts. 
The design approach has been recommended by Crowder 
(1989) to construct a EWMA chart. The design strategy is to 
find the choice of X and k which minimizes the out of control 
ARL for a specified shift in the process mean. Generally, 
both Type I and Type II errors are characterized by these 
ARLs. The average run length (ARL) corresponding to a Type I 
error is the average number of observations before an out-of-
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control signal is given when the process is actually in 
control. The ARL corresponding to a Type II error is the 
average number of observations that must be taken to detect a 
true process shift once one has occurred. 
The combination of À and k is optimal in the sense that 
for a fixed Type I error, it produces the smallest possible 
Type II error for specified shift (Crowder, 1989). Crowder 
recommended the following EWMA chart design for purposes of 
detecting process shifts: 
1. Choose the smallest acceptable ARL for cases in which the 
process shift is zero. This corresponds to fixing a 
false alarm rate (Type I error). 
2. Decide what magnitude of shift in the process must be 
quickly detected and choose the A which produces a 
minimum ARL for that shift size. (Plots of optimal X as 
a function of shift size are given in Figure 7 (Crowder, 
1989, p. 158-9)). 
3. Given the choice of X from 2, find the control limit 
constant k which satisfies the in-control ARL constraint 
from 1. (Figure 8 (Crowder, 1989, p. 160-1) shows values 
of k to obtain the desired in-control ARL). 
4. Given X and k, the control limits are then: 
TARGET ± k [X/(2-X) o//n. 
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Summary 
This chapter has described the methods and procedures 
used to conduct this study. The following paragraphs 
highlight the key points from each of the preceding sections. 
The first section described the lateral time gap measures 
used by drivers entering a major road from a stop controlled 
minor road. A limitation was given to drivers who made left 
turns only from the minor road. A total of 27 intersections 
including two-by-two roads (13 sites) and two-by-four roads 
(14 sites) throughout Iowa were investigated and the total 
population was 1,981 drivers. The sample vehicle population 
consisted of compact, medium and full sized cars, pick-up 
trucks, and vans. All other vehicles were excluded from the 
survey data. Gender and age of drivers, presence of children, 
traffic volume, and types of transmission were also 
investigated. Since many accidents can be attributed to the 
driver's misjudging the lateral gap, this phase was designed 
to determine what the average lateral time gap would be for 
motorists and identify the sources of variation. 
The second section introduced the x/R charts for this 
study. The x/R charts were selected because they are useful 
to detect sudden jumps in average level and they are reliable 
for detecting out-of-control samples. They are also easy to 
understand and therefore, can be applied by a wider group of 
people including transportation engineers. 
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The third phase of the study detected out-of-control 
intersections at each time period and attempted to identify 
significant factors affecting the selection of time gaps. The 
hypothesis test procedure was used as a tool to investigate 
special variations. Within the limits of this research study, 
several factors, including gender and age of drivers, presence 
of children, speed limits, traffic volume, and types of 
vehicle and transmission were investigated by using chi-square 
tests for independence. In addition, accidents reported for 
observed intersections were compared with high- or low-risk 
intersections at each time period identified from the control 
chart. High-risk intersections are the places where there is 
a high potential for having accidents in the future. 
Therefore, the EWMA chart was applied to the highest-risk 
intersection for detecting small shifts. 
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CHAPTER IV. FINDINGS 
The problem of this study was to identify high-risk 
intersections at each time period by utilizing the statistical 
process control concept. The first section describes the 
results of the Phase I method using an analysis of variance 
(ANOVA) and a correlation analysis. The second section 
presents the Shewhart control chart, including x and R charts. 
The third section describes out-of-control time-gap samples 
and presents the EWMA chart. The fourth section presents the 
results of the hypothesis tests using the chi-square test. 
Findings for Phase I 
Data were collected and analyzed from the 1,981 
participants who made left turns only at unsignalized 
intersections. The relationship of the dependent variable of 
time-gap to independent variables of this study was explored 
by applying the general linear model. The following 
independent variables were used: site, time of day, speed 
limit, traffic volume, gender and age of drivers, presence of 
children, and types of vehicle and transmission. The one-way 
analysis of variance summary obtained from this analysis is 
presented in Table 10. The level of significance for the Type 
I error rate (alpha) in this table was set at 0.05. 
According to Table 10, site (p < 0.05), time (p < 0.05), 
and type of vehicle (p < 0.05) were significant sources of 
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variation. Gender, age, presence of child, speed limit, types 
of vehicle and transmission, and traffic volume were not 
significant. 
Pearson correlation coefficients were obtained to 
determine the correlation between the gap time and two 
independent variables: wait time and left-turn time (Table 
11). There was a significant negative correlation between the 
gap time and wait time (r = -0.1135, p < 0.0001). If drivers 
waited a longer time on a minor road, then they were more 
likely to select shorter time gaps. There was a positive 
correlation between the gap time and the left turn time (r = 
0.0991, p < 0.0001). When drivers took longer time gaps, they 
tended to take a longer time to make left turns. 
Table 10. One-way analysis of variance of time-gap 
Source of df Type I F-Value Pr > F 
Variation SS 
Site 26  434. 09 5. 11 0, . 0001***  
Time 2 193. 75 29 .  64 0, . 0001***  
Gender 1 2, .73 0, .84 0. 3609 
Age 2 2, .74 0, .42 0. 6572 
Child 1 1, . 23  0. ,38 0, . 5392  
Transmission 1 6. 49 1, .99 0, .1587 
Vehicle 4 57. ,05 4. , 36  0, . 0016***  
Speed 1 2. ,77 0. ,85 0. ,3570 
Traffic Volume 2 15. , 32  2. , 34  0. , 0962  
Error 1940 6341. ,55 
Total 1980 7057. 11 
***Pr  < 0.05 
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Table 11. Pearson correlation coefficients 
Time gap Wait time Left-turn time 
Time gap 1 . 0 0 0 0  -0.1135*** 0.0991*** 
Wait time 1 . 0 0 0 0  0.1027*** 
Left-turn time 1 . 0 0 0 0  
***p < 0.0001 
The two-factor factorial design was used to find the 
interaction effect of sites and their corresponding time 
periods (morning, noon, & evening). It was also used to 
identify the sources of variation that attributed to the total 
variation and to establish an appropriate sampling plan. 
The level of significance for the Type I error rate was set at 
0.05. The analysis of variance is shown in Table 12. Since F 
= 1.50 with a p-value of 0.0129, there is a significant 
interaction between sites and times. Therefore, it was 
reasonable to form subgroups by different sites and blocks of 
time for designing the control chart. 
Table 12. Two-way analysis of variance of time-gap 
Source of df Type I F-Value Pr > F 
Variation SS 
Site 26 434.09 5.14 0.0001*** 
Time 2 193.75 29.80 0.0001*** 
SitexTime 52 253.12 1.50 0.0129*** 
Error 1900 6176.78 
Total 1980 7057.77 
***Pr < 0.05 
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The average time-gap for drivers completing a left turn 
on a two-by-two major road was 6.42 seconds and the average 
time-gap of the drivers on a two-by-four major road was 
6.32 seconds. The normal probability plot supported the 
conclusion that the data set is from a normally distributed 
population (Appendix A). Tables 13 and 14 show the 
descriptive statistics for the two-by-two and the two-by-four 
roads at each time period. 
Drivers in Dubuque used a smaller lateral time-gap than 
drivers in the other five cities. It should be noted, 
however, that the Dubuque survey was conducted on roadways 
with level terrain chosen to be as similar as possible to 
terrain in the other cities. Because Dubuque is located 
adjacent to the Mississippi River, it has more hills than the 
other cities. This natural condition may have created a 
behavior pattern that prompts drivers to accept a smaller 
time-gap since they are often confronted with sight distance 
limitations due to the terrain. 
Drivers used the greatest time-gap during the morning 
hours, a smaller time-gap during the noon hours, and an even 
smaller time-gap in the early evening hours. The time-gap 
became smaller as the day progressed. According to the 
National Safety Council's Accident Facts for the past 20 
years, there were twice as many accidents in the early evening 
compared to morning hours. 
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Table 13. Descriptive statistics for the two-by-two road 
Site Time** N Mean Std Dev 
1 M 76 7.0227 1.4994 
N 54 6.9238 1.4800 
E 70 5.5694 1.9002 
2 M 18 6.6788 1.6772 
N 26  7.0992 1.1758 
E 14 6.9200 2.0275 
3 M 39 6 .7820  1.8751 
N 46 6.0093 2.0239 
E 73 6 .2426  2.0744 
4 M 21 7.1023 1.4122 
N 42 7.1723 1.4571 
E 69 6.2978 1.6123 
5 M 25 7.2728 1.8669 
N 41 6.0375 2.1308 
E 45 5.5471 1.7976 
6 M 7 7.7800 1.6049 
N 69  5.1259 1.7718 
E 51 4.9141 1.7489 
7 M 12 7.3608 1.1289 
N 35 6.8765 2,1030 
E 37 6.9545 1.8035 
8 M 14 6.8542 1.2605 
N 8 8 .0687  1.7232 
E 9 5.5933 2.2905 
9 M 7 7.6314 1.5185 
N 31 6.8870 1.5012 
E 24 6.6595 1.9073 
10 M 7 7.5085 2.4868 
N 11 7 .9118  1.9280 
E 16 7.1381 2 .2023  
11 M 12 6.6091 2 .0029  
N 15 6 .7320  2 .1304  
E 19 6.3836 2.2013 
12 M 4 6.1775 2.6844 
N 9 6.6000 1.9823 
E 12 5.1541 2 .5769  
13 M 35 6.6657 2.2900 
N 32 6.6840 1.7498 
E 33 6.5154 1.8429 
= morning, N = noon, E = evening 
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Table 14. Descriptive statistics for the two-by-four road 
Site Time** N Mean Std Dev 
1 M 17 7.0017 2.4244 
N 17 6.8347 1.5676 
E 23 6.1865 1.6431 
2 M 20 6.9825 1.8366 
N 14 7.1342 1.4081 
E 28  5.8950 1.9287 
3 M 20 7.2445 1.5852 
N 16 6.4506 1.8578 
E 21 6.4095 2.1154 
4 M 3 3.4800 0.1044 
N 7 6.3514 1 .2582  
E 5 5.1800 1 .1963  
5 M 63 6.4511 1 .5162  
N 32 6.5456 1.6387 
E 48 5.9902 1.7455 
6 M 4 7.4050 0.6650 
N 18 6 .8966  1.9866 
E 27 6.6044 1.3185 
7 M 7 5.9557 1.9340 
N 28  6.6642 1.8375 
E 13 5.9192 2.2874 
8 M 17 6.9488 1.8406 
N 21 6.5657 1.4814 
E 16 6.8106 1 .3087  
9 M 16 6.6500 1.4210 
N 20 5.8275 1 .7086  
E 15 5.5326 2.0869 
10 M 21 6.8395 1.9775 
N 29  6.2037 1.5452 
E 38  5.5007 1.5938 
11 M 9 8.3177 1.5458 
N 19 5.5984 1 .8882  
E 13 6.1861 2.1283 
12 M 6 4.8133 1.6680 
N 8 5.0350 1.2251 
E 9 5.1322 1.0576 
13 M 2 8.3000 0.5515 
N 17 6.0129 1.4912 
E 14 6.2750 2.4060 
14 M 17 6 .3794  1.5605 
N 37 6.3151 2.1261 
E 38 5.9855 1.8034 
**M = morning, N = noon, E = evening 
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Findings for Phase II 
Two-by-two roads 
Values for the standard process parameters were obtained 
from the Highway Capacity Manual (1985). They were calculated 
by using ]i = 6.5 seconds and o = 1 for the target value for 
the two-by-two road. Descriptive statistics for the subgroups 
of the two-by-two road are given in Table 15. The following 
center lines and risk limits were obtained for the Shewhart 
control charts. 
X chart: 
Center Line = 6.5 
Risk Limit =6.5-3 ( l/v/6 ) = 5.2753 
Warning Limit = 6.5 - 2 ( 1//6 ) = 5.6835 
R chart: 
Center Line = 2.534 x 1 = 2.534 
Risk Limit = 2.534 + ( 3 x 0.848 % 1) = 5.0780 
Warning Limit = 2.534 + ( 2 x 0.848 % i) = 4.2300 
Both charts are given in Figures 9 and 10. The plot in 
Figure 9 (x chart) shows two points falling beyond the risk 
limit and Figure 10 (R chart) shows 16 points beyond the risk 
limit. All of the out-of-control points (intersections and 
their time periods) are summarized in Table 15. 
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Time-gap 
CENTER«6.5 
WARNING«5.6635 
RISK=5.2753 
1 2 3 4 5 0 7 6 0 1011 12 1314 151617161020212223242526272629303132333435303736 
Sample number 
Figure 9. x chart of time gaps for the two-by-two roads 
Time-gap 
RISKa5.0780 
|WARNING=4.2300 
CENTER=2.5340 
12 3 4 5 6 7 6 9 101112131415161716192021222324252627262930313233343536 37 38 
Sample number 
Figure 10. R chart of time gaps for the two-by-two roads 
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Table 15. Out-of-control time gaps for the subgroups of 
the two-by-two intersection 
Code N Site Time Mean Std Dev Range 
1 6 1 M 6.4483 2.1577 4.9600 
2 6 1 N 6.3800 1.5704 4 .2200  
3**  6 1 E 5.1416 2.3057 6.6500 
4** 6 2 M 6.9466 2.3849 6.0300 
5 6 2 N 7.3800 1.4269 3.2900 
6**  6 2 E 6.7783 2.5648 6.1400 
7 6 3 M 7.7100 2.1063 4.3800 
8** 6 3 N 7.4933 2.6654 6.4200 
9* * 6 3 E 7.0100 2.7176 5.9900 
10 6 4 M 6.2183 1.2331 3.3500 
11 6 4 N 6 .9633  1.3121 3.1100 
12 6 4 E 6 .9366  1.1331 2.9800 
13 6 5 M 7.2066 1.2688 2.8500 
14**  6 5 N 5.4150 2.5665 6.4400 
15** 6 5 E 6.1800 2.6352 6.7700 
16 6 6 M 7.6583 1.7223 4.4000 
17** 6 6 N 6.4900 1.7282 5.1100 
18 6 6 E 6.4183 1 .0587  3 .2300  
19 6 7 M 7.4533 1.1019 3 .1600  
20 6 7 N 7.7133 1.5280 3.6000 
21 6 7 E 7.0583 1.2778 3.7900 
22  6 8 M 6.7583 1.6717 4.2500 
23 6 8 N 8 .5283  1.2676 2 .7300  
24** 6 8 E 5.7866 2.7619 7 .0500  
25 6 9 M 7.6650 1.6605 3 .8600  
26**  6 9 N 6.5950 1.8482 5.3900 
27** 6 9 E 5.7566 2.4112 6.8800 
28** 6 10 M 7.5116 2.7241 7 .0500  
29** 6 10 N 7.7350 2.1122 5.9100 
30 6 10 E 8.0600 1.3875 3.3100 
31 6 11 M 6.8600 1.5180 4.0600 
32**  6 11 N 8.3133 1.9697 5 .2300  
33**  6 11 E 6.9300 2.8916 7.8800 
34 6 12 N 7.0916 1.6245 4.2800 
35** 6 12 E 4.9350 3 .2265  7.9200 
36 6 13 M 8.2750 1.6540 4.2600 
37 6 13 N 5.6633 1.1244 3.1300 
38 6 13 E 6.5183 1.6105 4 .1800  
** Out-of-control samples 
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Two-by-four roads 
Values for the standard process parameters were obtained 
from the Highway Capacity Manual (1985). They were calculated 
by using p = 7 seconds and a = 1 for the target value for the 
two-by-four road. Descriptive statistics for the subgroups of 
the two-by-four road are given in Table 16. The following 
center lines and risk limits were obtained for the Shewhart 
control chart. 
X chart: 
Center Line = 7.0 
Risk Limit =7.0-3 ( 1//6 ) = 5.7753 
Warning Limit =7.0-2 ( 1//6 ) = 6.1835 
R chart: 
Center Line = 2.534 x 1 = 2.534 
Risk Limit = 2.534 + ( 3 x 0.848 % 1) = 5.0780 
Warning Limit = 2.534 + ( 2 x 0.848 x i) = 4.2300 
Both charts are given in Figures 11 and Figure 12. The 
plot in Figure 11 (x chart) shows 10 points beyond the risk 
limit and Figure 12 (R chart) shows nine points past the risk 
limit. All of the out-of-control points (intersections and 
their time periods) are summarized in Table 16. 
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Time-gap 
WARNINGs6.1635 
RISK=5.7753 
1 2 3 4 5 0 7 6 0 1011 121314151617181020212223242520272020303132333435303736 
Sample number 
Figure 11. % chart of time gaps for the two-by-four roads 
Time-gap 10 
RISK = 5.07a0 
WARNINGS4.2300 
CENTER=2.534 
1 2 3 4 5 6 7 8 9 1011 12 131415161718 192021222324252627 28293031 32 3334 353637 38 
Sample number 
Figure 12. R chart of time gaps for the two-by-four roads 
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Table 16. Out-of-control time gaps for the subgroups of 
the two-by-four intersection 
Code N Site Time Mean Std Dev Range 
2** 6 1 M 6.6150 2.8388 6.1100 
2 6 1 N 6.6800 1.5745 4 .2100  
3**  6 1 E 5.6083 1.3040 3.2600 
4 6 2 M 7.2616 1.6429 5.0100 
5 6 2 N 6.6016 1.5487 3.9700 
6 6 2 E 6.9383 1.8057 4.4700 
7 6 3 M 6.9616 1.4253 3.5000 
8 6 3 N 6.6300 1.6928 4.0300 
9** 6 3 E 5.9030 2.1260 5.4400 
10 6 4 N 6 .2400  1.3399 3.5200 
11** 6 5 M 6.6883 1.9642 5.2700 
12 6 5 N 7.3100 0.6254 1.8700 
13 6 5 E 6.4816 1.8085 4.8100 
14 6 6 N 6.1433 1.7995 4.2900 
15 6 6 E 7.7650 0.8361 2.4400 
16 6 7 M 5.9833 2.1171 4.9200 
17** 6 7 N 7.7183 1.9766 5.2100 
18** 6 7 E 7.0133 2.1906 5.5100 
19 6 8 M 6.8166 1.5732 4.5700 
20 6 8 N 6.0816 1.4389 3.9500 
21 6 8 E 7.6966 1.3518 3.8300 
22  6 9 M 6.8750 0.7784 2.2400 
23** 6 9 N 5.6016 1.0817 2.9900 
24**  6 9 E 4.8716 1.7093 4.7900 
25 6 10 M 5.8383 1.8417 4.9900 
26  6 10 N 6.7050 1.8474 4.6200 
27**  6 10 E 5.3233 1.1580 2.9900 
28  6 11 M 8.0716 1.7752 4.4100 
29** 6 11 N 4.8350 2.2735 6.4100 
30** 6 11 E 5.1983 2.3676 6.6800 
31** 6 12 M 4.8133 1.6680 4.4600 
32** 6 12 N 5.5516 0.9046 2 .3900  
33**  6 12 E 4.6066 0 .2952  0.7700 
34** 6 13 N 6.6550 1.4382 4.0000 
35** 6 13 E 5.4133 2.8138 7.4200 
36 6 14 M 7.4800 1.3985 4.2700 
37** 6 14 N 7.1700 2.0920 5.8500 
38 6 14 E 6.8916 1 .5146  4.2800 
** Out of control samples 
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Findings for Phase III 
Table 17 summarizes the results from Phase III and 
defines the high-risk intersections at each time period. 
Intersections for observations at each time period (morning, 
noon, & evening) were defined as high-risk when they had out-
of-control samples. 
Table 17. High-risk intersections at each time period 
Road Time^/Risk'' 
City Locations Type M N E 
Des Moines 63rd/Franklin 2x2  L L H 
63rd/Winona-Mapel 2x2  H L H 
Douglas/50th 2x4  H L H 
Hickman/50th 2x4  L L L 
Grand/41st 2x4  L L H 
Hickman/62nd 2x4  _o L 
Davenport Jersey Ridge/E. 12th 2x2  L H H 
Jersey Ridge/E. Elm 2x2  L L L 
W. 53rd/Marovette 2x4  H L L 
W. 53rd/Appomattox 2x4  - L L 
W. Locust/Pine 2x4  L H H 
W. Locust/Sturdevant 2x4  L L L 
Dubuque University/N. Angona 2x2  L H H 
Asbury/Chaney 2x2  L H L 
J.F. Kennedy/Foothill 2x4  L H H 
Dodge/Booth 2x4  L L H 
Dodge/Fremont-Lombard 2x4  L H H 
Dodge/Cherokee 2x4  H H H 
Cedar Rapids Bever/Forest 2x2  L L L 
Bever/30th 2x2  L L H 
Mt. Vernon/32nd 2x4  - H H 
8th/5th 2x4  L H L 
Council Bluffs 5th/S. 25th 2x2  L H H 
23rd/S. 11th 2x2  H H L 
E. Pierce/Nicholas 2x2  L H H 
E. Pierce/Grace 2x2  - L H 
Sioux City Transit/S.Paxton 2x2  L L L 
*Time: morning, noon, evening 
^Risk: H-high risk, L-low risk 
no samples 
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The highest-risk intersection was Dodge/Cherokee in 
Dubuque (high risk at morning, noon, & evening). The lowest-
risk intersections were Hickman/50th in Des Moines, Jersey 
Ridge/E. Elm and W. Locust/Sturdevant in Davenport, 
Bever/Forest in Cedar Rapids, and Transit/S. Paxton in Sioux 
City (low risk at morning, noon, & evening). The remaining 21 
intersections were reported as high risk by having high risk 
reported for one or two survey times reported. 
The EWMA chart was applied to Dodge/Cherokee in Dubuque, 
the highest-risk intersection, to verify the significant 
periodic shifts in mean level. The process parameters were 
obtained from the target value (p = 7 seconds. Highway 
Capacity Manual) and used 1 second for the desired magnitude 
of shift to be detected. The risk limit was obtained from the 
following formula suggested by Crowder (1989): 
TARGET - k[X/(2-A,)  o/i/n = 
7.0 - 2.05 [0.24/(2-0.24) x 1.21//1 = 6.0839 
Values for k and k were obtained from Figures 6, 7, 8 and 9 
introduced in Chapter III, and the EWMA chart is presented in 
Figure 13. 
The chart indicates a trend with time gap values 
decreasing as time goes on (from morning to evening) with most 
of the out-of-control samples occurring during the noon and 
evening. Therefore, attention should be given to the causes 
of special variations as the day progresses. 
Time-gap 8 
CENTER=7.Q 
RISK=6.0839 
CO 
ro 
2 
morning noon evening 
1 2 3 4 5 6 
! I I : I 1 r I i I I I I I I I 
7  8  9  1 0 1 1 1 2 1 3 1 4 1 5 1 6 1 7 1 8 1 9  2 0  2 1  2 2  2 3  
Sample number 
Figure 13. EWMA. chart of the time gaps for the highest-risk intersection 
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Results of Hypothesis Testing 
The statistical hypothesis test used in this phase of the 
study was a chi-square test. The chi-square test is based on 
a comparison between the frequencies that are observed in the 
cells of the cross-classification table and those that are 
expected to be observed if the null hypothesis of independence 
were true (Agresti & Finlay, 1986). The Pearson chi-square 
was obtained by using Statistical Analysis Software (SAS) and 
the level of significance was set at 0.05. 
Statistical hypothesis I 
Ho : iiii = (Til.) (n.j) 
Ha : ^ (îti.) (:T.j) 
i = high-risk intersection/time, low-risk intersection/time 
j = male, female 
The proportion of drivers classified into two gender 
groups was independent of their classification into high- or 
low-risk intersections at morning, noon, and evening. Tables 
18, 19, and 20 show the classification table. 
Table 18. Table of risk by gender at morning 
Female Male Total 
High risk site 
Low risk site 
60 51 111 
203  185 388  
Total 263  236  499  
Pearson chi-square = 0.104, df = 1, and p = 0.747 
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Table 19. Table of risk by gender at noon 
Female Male Total 
High risk site 207 135 342 
Low risk site 201 159 360 
Total 408 294 702 
Pearson chi-square = 1.587, df = 1, and p = 0.208 
Table 20. Table of risk by gender at evening 
Female Male Total 
High risk site 224 188 412 
Low risk site 208 160 368 
Total 432 348 780 
Pearson chi-square = 0.365, df = 1, and p = 0.546 
The findings revealed that risk-taking was not associated with 
the gender of drivers. 
Statistical hypothesis II 
Ho : = (^i.) (Jt.j) 
Ha : ^ (n.i) 
i = high-risk intersection/time, low-risk intersection/time 
j = children, no chilren 
The proportion of drivers classified by whether children 
were in the car or not was independent of their classification 
into high- or low-risk intersections at morning, noon, and 
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evening. Tables 21, 22, and 23 show the classification table 
and test statistic. The findings revealed that risk-taking 
was not associated with the presence or absence of children in 
a car. 
Table 21. Table of risk by presence of children at morning 
No children Children Total 
High risk site 98 13 111 
Low risk site 349 39 388 
Total 447 52 499 
Pearson chi-square = 0.255, df = 1, and p = 0.614 
Table 22, Table of risk by presence of children at noon 
No children Children Total 
High risk site 310 32 342 
Low risk site 330 30 360 
Total 640 62 702 
Pearson chi-square = 0.228, df = 1, and p = 0.633 
Table 23. Table of risk by presence of children at evening 
No children Children Total 
High risk site 355 57 412 
Low risk site 325 43 368 
Total 680 100 780 
Pearson chi-square = 0.804, df = 1, and p = 0.370 
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Statistical hypothesis III 
Ho : = (jTi.) (vr.j) 
Ha : Jtij " (Jti.) (JC.j) 
i = high-risk intersection/time, low-risk intersection/time 
j = young (< 25), middle aged (25-50), old (50 >) 
The proportion of drivers classified by three age groups 
was dependent of their classification into high- or low-risk 
intersections at morning and noon. However, three age groups 
were independent at evening. Tables 24, 25, 26 show the 
classification table. The findings revealed that age of the 
drivers was related to the high-risk intersection at morning 
and noon. 
Table 24. Table of risk by age at morning 
Young Middle Old Total 
High risk site 13 89 9 111 
Low risk site 13 277 98  388  
Total 26  366  107 499 
Pearson chi-square = 24.327, df = 2, and p < 0.0001 
Table 25. Table of risk by age at noon 
Young Middle Old Total 
High risk site 54 199 89 342 
Low risk site 27 246  87 360  
Total 81 445 176 702 
Pearson chi-square = 13.534, df = 2, and p = 0.001 
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Table 26. Table of risk by age at evening 
Young Middle Old Total 
High risk site 47 284 81 412 
Low risk site 43 273 52 368  
Total 90 557 133 780 
Pearson chi-square = 4.250, df = 2, and p = 0.119 
Statistical hypothesis IV 
Ho : Ttjj = (rti.) (71.j) 
Ha : ^ (^Ti.) (n.j) 
i = high-risk intersection/time, low-risk intersection/time 
j = automatic, standard 
The proportion of vehicles classified by transmission 
type was dependent of their classification into high- or low-
risk intersections at evening. However, transmission type was 
independent at morning and noon. Tables 27, 28, and 29 show 
the classification table and test statistic. The findings 
revealed that type of transmission was related to the high-
risk intersections at morning. 
Table 27. Table of risk by transmission at morning 
Automatic Standard Total 
High risk site 83 28 111 
Low risk site 328 60 388 
Total 411 88 499 
Pearson chi-square = 5.662, df = 1, and p = 0.017 
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Table 28. Table of risk by transmission at noon 
Automatic Standard Total 
High risk site 298 44 342 
Low risk site 313 47 360 
Total 611 91 702 
Pearson chi-square = 0.006, df = 1, and p = 0.940 
Table 29. Table of risk by transmission at evening 
Automatic Standard Total 
High risk site 346 66 412 
Low risk site 325 43 368 
Total 671 109 780 
Pearson chi-square = 3.038, df = 1, and p = 0.081 
Statistical hypothesis V 
Ho : = (TCi.) (Jt.j) 
Ha : Ttij " (Jti.) 
i = high-risk intersection/time, low-risk intersection/time 
j = compact, medium, full, van, pick-up truck 
The proportion of drivers classified into five vehicle 
type groups was dependent of their classification into high­
er low-risk intersections at morning. However, type of 
vehicle was independent at noon and evening. Tables 30, 31, 
and 32 show the classification table and test statistic. The 
findings revealed that type of vehicle was related to the 
high-risk intersection at morning. 
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Table 30. Table of risk by vehicles at morning 
Compact Medium Full Van Truck Total 
High risk site 32 40 12 10 17 111 
Low risk site 65 146 69 36 72 388  
Total 97 186 81 46 89 499 
Pearson chi-square = 9 .634 ,  df = 4, and p = 0.047 
Table 31. Table of risk by vehicles at noon 
Compact Medium Full Van Truck Total 
High risk site 58 157 41 28  58 342 
Low risk site 54 146 64 32 64 360 
Total 112 303 105 60 122 702 
Pearson chi-square = 5.684, df = 4, and p = 0.224 
Table 30. Table of : risk by vehicles at evening 
Compact Medium Full Van Truck Total 
High risk site 73 180 74 29  56 412 
Low risk site 63 152 58 44 51 368  
Total 136 332  132 73 107 780 
Pearson chi-square = 5.889, df = 4, and p = 0.208 
Statistical hypothesis VI 
Ho : Ttij = (Jti.) (Jt.j) 
Ha : itij * (Hi.) (jr.j) 
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i = high-risk intersection/time, low-risk intersection/time 
j = 1—3000 to 6000 A.D.T. (Average Daily Traffic) 
2—6001 to 12000 A.D.T. (Average Daily Traffic) 
3—12001 to 19000 A.D.T. (Average Daily Traffic) 
4—19001 above A.D.T. (Average Daily Traffic) 
The proportion of roads classified into four traffic 
volume groups was dependent on their classification into high­
er low-risk intersections at noon and evening. However, 
traffic volume was independent at morning. Tables 33, 34, and 
35 show the classification table and test statistic. The 
findings revealed that the traffic volume was related to the 
high-risk intersections at noon and evening. 
Table 33. Table of risk by traffic volumes at morning 
1 2 3 4 Total 
High risk site 7 63 35 6 111 
Low risk site 24 184 169 11 388 
Total 31 247 204 17 499 
Pearson chi-square = 6.248, df = 3, and p = 0.100 
Table 34. Table of risk by traffic volumes at noon 
Total 
High risk site 42 122 151 27 342 
Low risk site 44 133 176 7 360 
Total 86 255 327 34 702 
Pearson chi-square = 13.745, df = 3, and p = 0.003 
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Table 35. Table of risk by traffic volumes at evening 
1 2 3 4 Total 
High risk site 36 182 172 22 412 
Low risk site 53 161 149 5 368 
Total 89 343 321 27 780 
Pearson chi-square = 14.449, df = 3, and p = 0.002 
Statistical hypothesis VII 
Ho : = (%i.) (71,;)) 
Ha : îtin ^ (iti.) (Jt.j) 
i = high-risk intersection/time, low-risk intersection/time 
j = 30 m.p.h., 35 m.p.h. 
The proportion of roads classified into two speed limit 
groups was dependent of their classification into high- or 
low-risk intersections at morning, noon, and evening. Tables 
36, 37, and 38 show the classification table and test 
statistic. The findings revealed that speed limit was related 
to the high-risk intersections at morning, noon, and evening. 
Table 36. Table of risk by speed limits at morning 
30 m.p.h. 35 m.p.h. Total 
High risk site 7 104 111 
Low risk site 293 95 388 
Total 300 199 499 
Pearson chi-square = 172.428, df = 1, and p < 0.0001 
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Table 37. Table of risk by speed limits at noon 
30 m.p.h. 35 m.p.h. Total 
High risk site 250 92 342 
Low risk site 196 164 360 
Total 446 256 702 
Pearson chi-square = 26.344, df = 1, and p < 0.0001 
Table 38. Table of risk by speed limits at evening 
30 m.p.h. 35 m.p.h. Total 
High risk site 273 139 412 
Low risk site 175 193 368 
Total 448 332 780 
Pearson chi-square = 27.827, df = 1, and p < 0.0001 
Statistical hypothesis VIII 
Ho • ^high-risk intersection/time ^low-risk intersection/tinve 
Ha * ^high-risk intersection/time ^ ^low-risk intersection/time 
The rate of accidents reported for observed intersections 
was dependent of their risk classification as high- or low-
risk intersections at morning, noon, and evening. Tables 39, 
40, and 41 show the classification table and test statistic. 
The findings revealed that the statistical process control 
techniques were a reliable tool for predicting high-risk 
intersections at each time period. 
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Table 39. Table of risk by accident data at morning 
N Number of Accidents 
High risk site 15 21 
Low risk site 18 44 
Total 33 65 
Pearson chi-square = 61.8187, df = 1, and p < 0.0001 
Table 40. Table of risk by accident data at noon 
N Number of Accidents 
High risk site 12 44 
Low risk site 15 60 
Total 27 104 
Pearson chi-square = 51.8909, df = 1, and p < 0.0001 
Table 41. Table of risk by accident data at evening 
N Number of Accidents 
High risk site 16 150 
Low risk site 10 54 
Total 26 204 
Pearson chi-square = 89.2279, df = 1, and p < 0.0001 
Table 42 shows the accident data for the past 5 years 
obtained from the Iowa Department of Transportation (Appendix 
B) . 
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Table 42. Accidents reported for observed intersections 
Number of Accidents 
City Locations M N E Total 
Des Moines 63rd/Franklin 1 1 5 7 
63rd/Winona-Mapel 1 5 8 14 
Douglas/50th 9 7 25 41 
Hickman/50th 0 3 7 10 
Grand/41st 12 5 22 39 
Hickman/62nd 4 5 15 24 
Davenport Jersey Ridge/E. 12th 0 3 3 6 
Jersey Ridge/E. Elm 4 2 6 12 
W. 53rd/Marovette 6 4 8 18 
W. 53rd/Appomattox 2 3 9 14 
W. Locust/Pine 0 0 4 4 
W. Locust/Sturdevant 3 6 12 21 
Dubuque University/N. Angona 2 5 3 10 
Asbury/Chaney 5 4 5 14 
J.F. Kennedy/Foothill 1 1 2 4 
Dodge/Booth 7 15 19 41 
Dodge/Fremont-Lombard 1 17 19 37 
Dodge/Cherokee 5 5 19 29 
Cedar Rapids Bever/Forest 3 2 0 5 
Bever/30th 1 0 0 1 
Mt. Vernon/32nd 1 0 5 6 
8th/5th 1 2 5 8 
Council Bluffs 5th/S. 25th 2 6 10 18 
23rd/S. 11th 0 1 0 1 
E. Pierce/Nicholas 1 0 3 4 
E. Pierce/Grace 1 2 3 6 
Sioux City Transit/S.Paxton 0 0 2 2 
Total 73 104 219 396 
*Total accidents reported above shows the number of accidents 
for the morning (6:00 a.m. - 10:00 a.m.), noon (10:00 a.m. -
2:00 p.m.), and evening (2:00 p.m. -6:00 p.m.). 
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CHAPTER V. SUMMARY, IMPLICATIONS, AND RECOMMENDATIONS 
This chapter provides an overview of the research study. 
It is divided into three major sections. The first section 
gives a summary and presents conclusions based on the findings 
of the study. The second section discusses the theoretical 
and practical implications of the findings of the study. The 
third section makes recommendations for future research 
regarding the use of statistical process control techniques 
for transportation safety. 
Summary 
This section describes the objectives, methodology, and 
findings of the study. 
Objectives 
Statistical process control techniques were employed to 
identify high-risk intersections at each time period (morning, 
noon, & evening). No previous research studies have attempted 
to apply statistical process control to transportation safety. 
The objectives of this study were fivefold. The first was to 
identify the lateral time-gap measurement of drivers on a 
minor road controlled by a stop sign prior to entering an 
uncontrolled major roadway in urban areas. The second was to 
develop statistical process control charts to use in a 
transportation setting. The third was to monitor the gap 
acceptance behaviors on the statistical process control charts 
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to detect any out-of-control time-gap intersections at each 
time period (morning, noon, & evening). The fourth was to 
analyze and synthesize conclusions from this investigation to 
determine high-risk intersections at each time period 
(morning, noon, & evening). The fifth was to compare driver, 
vehicle, and road characteristics that may influence driver 
gap acceptance behavior at high- and low-risk intersections at 
each time period. 
The research questions in this study were as follows: 
1. Is the proportion of drivers classified into two gender 
groups independent of their classification into high- or 
low-risk intersections at each time period? 
2. Is the proportion of drivers classified by whether 
children were in the car or not independent of their 
classification into high- or low-risk intersections at 
each time period? 
3. Is the proportions of drivers classified into three age 
groups independent of their classification into high- or 
low-risk intersections at each time period? 
4. Is the proportion of vehicles classified into two 
transmission type groups independent of their 
classification into high- or low-risk intersections at 
each time period? 
5. Is the proportion of vehicles classified into five 
vehicle type groups independent of their classification 
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into high- or low-risk intersections at each time period? 
6. Is the proportion of roads classified into four traffic 
volume groups independent of their classification as 
high- or low-risk intersections at each time period? 
7. Is the proportion of roads classified into two speed 
limit groups independent of their classification as high­
er low-risk intersections at each time period? 
8. Is the rate of accidents reported for observed 
intersections independent of their classification as 
high- or low-risk intersections at each time period? 
Methodology 
This study was limited to drivers who made left turns 
only from a minor road. A total of 27 intersections including 
two-by-two roads (13 sites) and two-by-four roads (14 sites) 
throughout Iowa were investigated involving 1,981 drivers. 
The sample of vehicles consisted of compact, medium, full-
sized cars, pick-up trucks and vans. All other vehicles were 
excluded from the survey data. Gender and age of drivers, 
presence of children, traffic volume, and types of 
transmission were also investigated. 
The method of this study consisted of three phases. The 
first phase of the study measured the lateral time gap used by 
drivers entering a major road stream of traffic from a minor 
street controlled by a stop sign. Since many accidents can be 
attributed to the driver's misjudging the lateral gap, this 
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phase was designed to determine what the average lateral time 
gap would be for motorists and identify the sources of 
variation. The relationship of the dependent variable of 
time-gap to independent variables of this study was explored 
by applying the general linear model. The following 
independent variables were used: site, time of day, speed 
limit, traffic volume, gender and age of drivers, presence of 
children, and types of vehicle and transmission. Also, a two-
factor factorial design with the sites and their corresponding 
times was used to find the interaction effects of sites and 
times. It was also used to identify the sources of variation 
and to establish an appropriate sampling plan. 
The second phase of the study analyzed and interpreted 
the time-gap data using statistical process control methods 
and applied two types of statistical process control charts, 
including x and R charts. The x and R charts were selected 
because they are useful to detect sudden jumps in average 
level and they are also reliable for detecting out-of-control 
samples. They are easy to understand and therefore can be 
applied by a wider group of people including transportation 
engineers. 
The third phase of the study detected out-of-control 
intersections at each time period and attempted to identify 
significant factors affecting the selection of time gaps. The 
hypothesis test procedure was used as a tool to investigate 
99 
special variations. Within the limits of this research study, 
several factors including gender and age of drivers, presence 
of children, speed limits, traffic volume, and types of 
vehicle and transmission were investigated by using chi-square 
tests for independence. In addition, accidents reported for 
observed intersections were compared with high- or low-risk 
intersections at each time period identified from the control 
charts. High-risk intersections are the places where there is 
a high potential for having accidents in the future. The EWMA 
chart was also applied to the highest-risk intersection. 
Findings 
The average time gap for drivers completing a left turn 
on a two-by-two major road was 6.42 seconds and the average 
time gap of the drivers on a two-by-four major road was 
6.32 seconds. These values are the average time needed for 
the driver to complete a left turn according to the timing 
zone in the study. An acceptance or rejection of the time-gap 
is an all-or-nothing proposition that depends upon the size of 
gap. It can be assumed that the survey subjects rejected all 
smaller time gaps and accepted all of the larger time gaps. 
It should be noted that the survey teams did not witness 
any accidents during survey activities even though some test 
subjects used a shorter time interval for gap selection than 
was necessary to complete their entry maneuver. The absence 
of an accident could be attributed to the amount of speed or a 
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direction adjustment of the driver on the major road or the 
rapid acceleration of the vehicle from the minor road. 
According to the one-way analysis of variance, site (p < 
0.05), time (p < 0.05), and type of vehicle (p < 0.05) were 
significant sources of variation. However, gender, age, 
presence of children, transmission, speed limit, and traffic 
volume were not significant. Pearson correlation coefficients 
revealed that there was a significant negative correlation 
between the gap time and wait time (r = -0.1135, p < 0.0001). 
If drivers waited a longer time on a minor road, then they 
were more likely to take short time gaps. There was a 
significant positive correlation between the gap time and the 
left turn time (r = 0.0991, p < 0.0001). Therefore, when 
drivers selected longer time gaps they tended to take a longer 
time to make left turns. 
The two-factor factorial design revealed that there was a 
significant interaction between sites and their corresponding 
times (F = 1.50, p < 0.05). Furthermore, the main effects of 
sites (F = 3.43, p < 0.05) and times (F = 19.90, p < 0.05) 
were also significant. Therefore, it was reasonable to form 
subgroups by different sites at each time period for designing 
the control chart. 
Intersections at each time period were defined as high-
risk when they had out-of-control samples at morning, noon, or 
evening. The highest-risk intersection was Dodge/Cherokee in 
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Dubuque (high risk at morning, noon, & evening). The lowest-
risk intersections were Hickman/50th in Des Moines, Jersey 
Ridge/E. Elm and W. Locust/Sturdevant in Davenport, 
Bever/Forest in Cedar Rapids, and Transit/S. Paxton in Sioux 
City (low risk at morning, noon, & evening). The remaining 21 
intersections were reported as high-risk by their 
corresponding time period. The EMMA chart was applied to the 
Dodge/Cherokee in Dubuque intersection to verify the 
significant periodic shifts in mean level. It showed a trend, 
with time-gap values decreasing as from morning through 
evening. Therefore, attention should be given to the causes 
of special variations as the day progresses. 
According to the hypothesis test procedure, gender of 
drivers and presence of children were not related to high-
risk intersections at each time period. However, types of 
vehicles and transmissions were related to high-risk 
intersections at morning. Age of drivers were related to the 
high-risk intersections at morning and noon. Traffic volume 
was related to the high-risk intersections at noon and 
evening. Also, speed limit was related to the high-risk 
intersections at morning, noon, and evening. Accidents 
reported for observed intersections were compared with high-
risk intersections. The findings revealed that the 
statistical process control technique was a reliable tool for 
predicting high-risk intersections at each time period. 
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Implications 
The control chart is an important engineering tool for 
improving manufacturing processes. Over the past few years 
many companies have trained literally hundreds of thousands of 
workers to make and use control charts for industrial process 
improvement. The control chart helps to reduce variation to 
the minimum possible for a given system configuration. Once 
that minimum is reached, the control chart helps to maintain 
that configuration's best performance. 
It is helpful to have a statistical tool that aids in 
investigating the variations of high- or low-risk unsignalized 
intersections in order to reduce accidents. However, there is 
no unique numerical measurement system for empirically 
investigating high- or low-risk intersections because the 
level of risks taken by drivers are associated with many 
factors. 
Accident data are sources for defining causes of 
accidents from past results, but they might not be reliable 
for predicting behavior of drivers in the future because high-
risk drivers might not have any accidents by chance. 
Therefore, gap time, as related to the margin of risk 
acceptance by drivers at stop-controlled intersections, might 
be a good indicator of risks taken by drivers. 
There are no reliable or easy-to-use tools for 
empirically evaluating the extent to which the time-gap data 
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generation mechanism can be thought of as stable or for 
determining what the baseline variation of a time-gap process 
is. Therefore, control charts were used not only as a 
screening mechanism, but also in a preventative procedure for 
time-gap distributions because they can be used as a tool for 
detecting out-of-control time gap samples and define high risk 
intersections and their corresponding times. 
There is a similarity between the manufacturing setting 
and the transportation setting when applying statistical 
process control techniques. There are operators and machines 
to produce a product wherein control charts detect the quality 
of the products. Likewise, there are drivers and sites that 
produce the time gaps wherein control charts can detect the 
variability of drivers' behaviors. Therefore, control charts 
can be applied to detect risky decisions of drivers at each 
site in transportation safety as well as to detect the 
deviation of products in the manufacturing process. 
There is an alternative statistical procedure for 
detecting variations of a process. Such a procedure is called 
analysis of variance. Craig (1953) concluded that analysis of 
variance is a summary method based on the overall variation 
among sample means while the use of a control chart for 
averages is based on the behavior of the individual x's. 
Therefore, it can happen that no single x will fall outside 
the limit lines and the analysis of variance will disclose 
104 
that too many x's are near the limit lines. On the other 
hand, a single point on an x chart might be well outside the 
control lines and yet, because the remaining points are 
relatively near the center line, the total sum of squares 
among averages will not be large enough for the analysis of 
variance to indicate a lack of control. 
It was also determined that the use of control charts for 
ranges or standard deviations does possess some advantages 
over the use of analysis of variance. The R or o charts 
provide a means of judging whether or not the variation within 
the sample is controlled so that one has justification for 
preceding to estimate o' from the data. However, in using an 
ANOVA, one, in effect, assumes that this control exists and by 
this method this assumption is not checked. Most importantly, 
a control chart is a visual device that is used so results can 
be readily understood and used by a wider group of people. 
There is also much important qualitative information indicated 
by different patterns such as trends that can sometimes be 
seen in a chart's simple plot. 
The significance of conducting this lateral time-gap 
study by using hypothesis testing indicated that the margin of 
risk acceptance has virtually disappeared among drivers based 
on gender and transmission types. However, types of vehicle, 
types of shift, and speed limits were related to risk-takings 
at the stop-controlled intersections at morning, noon, or evening. 
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Data from a study conducted by Raff and Hart reported 
that traffic volume did not affect the lateral time-gap used. 
The findings of this research differed since smaller time-gaps 
were used as traffic volume increased. This may have been due 
to the motorists' impatience caused by the delay time or their 
thinking that they are delaying other drivers behind them. 
Also, for a variety of reasons, risk-taking is often 
associated with younger and older drivers. One hypothesis 
that was offered proposed that a female driver would use a 
larger lateral time-gap than her male counterpart. This was 
not accepted since there were no significant differences in 
risk-taking behaviors for females. 
Thus, this research study demonstrated that the 
statistical control method using control charts can be applied 
effectively to transportation safety. It was concluded that 
the routine and attentive use of control charts can be used to 
identify assignable causes of time-gap distributions of 
drivers at stop-controlled intersections. Once the charts are 
set up, samples can be collected and plotted in an easy 
manner. If the causes of special variations can be eliminated 
from a process through education and training, law-
enforcement, or use of engineering aids, then the variability 
of a driver's behaviors may be reduced so that time-gap 
distributions become stable and safe. 
106 
Recommendations for Future Research 
This research study assumed that the oncoming speed of 
vehicles are consistent since there are speed limits on major 
roads. However, there are chances that oncoming speed of 
vehicles can be of exceptionally high speed. It might be 
worthwhile to include the oncoming speed of vehicles into the 
control chart. Physical minimum time of vehicles turning left 
from the minor road might also be necessary to establish 
accurate control limits so that control charts can represent 
the behaviors of drivers with greater reality. Therefore, 
there is a possibility that control charts may have a three-
dimensional picture of time-gap behaviors of drivers with 
traffic volumes at specific sites. The suggested control 
chart is presented in Figure 14. 
There is no completely convincing theoretical reason for 
having three-sigma control limits on control charts. 
Historical precedent and many years of successful application 
combine to make the use of three-sigma limits nearly 
universal. While three-sigma limits are widely used in 
practice, the choice to use a multiple of sigma should be 
dictated by economic considerations. For example, drivers 
might prefer a smaller control limit so that more 
intersections can be detected as high risk. As a result, the 
Department of Transportation will be required to spend more 
money to investigate these intersections. However, the 
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department of transportation might want to use wider control 
limits so that fewer intersections are detected as high risks 
and they can allocate funds to investigate these high-risk 
intersections. Therefore, it might be worth having a control 
limit based on the minimum cost function of Type I and II 
risks since the design of a control chart is a compromise 
between two opposing Type I and II risks. 
Oncoming Speed 
45 m.p.h 
40 m.p.h — 
35 m.p.h — 
30 m.ph 
Sale Area 
25 m.p.h 
Warning Area 
Critical Area 
Accident Area 
Figure 14. Ideal control chart for a two-by-two road. 
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APPENDIX A: NORMAL PROBABILITY PLOTS 
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Two-by-four roads 
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APPENDIX B: TOTAL ACCIDENTS REPORTED BY THE IOWA DEPARTMENT 
OF TRANSPORTATION FOR THE 27 INTERSECTIONS USED IN THE STUDY 
(1987-1992) 
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Accident History For Intersection 211389 In Polk County 
Node 211389 : Int of 63rd and Franklin in Des Moines 
Time Period: 7/87 - 6/92 
======= NUMBER OF ACCIDENTS ======= 
0 Fatal Accidents 0 Fatalities 0 Injuries 
4 Personal Injury Accidents 4 Injuries 
8 Property Damage Only Accidents 
12 Total Accidents 0 Fatalities 4 Injuries 
Accidents by Time of Day .and Day of Week 
0000 0200 0400 0600 0800 1000 1200 1400 1600 1800 2000 2200 All 
0159 0359 0559 0759 0959 1159 1359 1559 1759 1959 2159 2400 Times 
Sunday 0 0 0 0 0 0 0 0 0 0 0 0 0 
Monday 0 0 0 0 0 0 0 0 2 0 0 0 2 
Tuesday 0 0 0 0 0 0 0 0 1 1 1 0 3 
Wednesday 0 0 0 0 0 0 0 0 0 0 0 1 1 
Thursday 0 0 0 1 0 0 0 0 0 0 0 0 1 
Friday 0 0 0 0 0 0 0 0 0 2 0 0 2 
Saturday 0 0 0 0 0 1 0 0 2 0 0 0 3 
All Days 0 0 0 1 0 1 0 0 5 3 1 1 12 
=== Drinking Drivers === 
1 Not Impaired 0 Impaired 
0 Sobriety Tests Given 
=== Blood Alcohol Ranges === 
0 BAC = 000 0 001 - 049 
0 050 - 099 0 100 - 149 
0 150 - 199 0 BAC > 199 
=== Injury Summary === 
0 Fatal Injuries 
0 Major Injuries 
1 Minor Injuries 
3 Possible Injuries 
Property Damage = 5 36830 
Driver / Vehicle Related Contributing Circumstances 
Animal in Roadway 
Ran Traffic Signal 
2 Ran Stop Sign 
Passed Stopped School Bus 
Passing where Prohibited 
Passing Interfered w/ oth Veh 
Left of Center - Not Passing 
FTYROW - Uncontrolled Intersection 
2 FTYROW- From Stop Sign 
FTYROW - From Yield Sign 
FTYROW- Making Left Turn 
FTYROW- From Driveway 
FTYROW- From Parked Position 
FTYROW- To Pedestrian 
FTYROW- Other 
Wrong Way on One-way 
1 Speed too Fast for Condition 
Exceeding Speed Limit 
Drag Racing 
Improper Turn 
Improper Lane Change 
1 Following too Close 
No Signal or Improper Signal 
Disregarded Rail Road Signal 
Disregarded Warning Signal 
Reckless Driving 
Improper Backing 
Illegal or Improper Backing 
2 Not Under Control 
Head Lights Not On 
Inattentive or Distracted 
Driver Confused 
Vision Obscured 
Oversized Vehicle 
Overloaded 
Inexperienced Driver 
Other 
Unknown 
4 None Apparent 
120 
0 
7 
11 
18 
Accident History For Intersection 116673 In Polk County 
Node 116673 : Int o£ 63rd and Hinona in Des Moines 
Time Period: 7/87 - 6/92 
======= NUMBER OF ACCIDENTS ======= 
Fatal Accidents 0 Fatalities 0 Injuries 
Personal Injury Accidents 10 Injuries 
Property Damage Only Accidents 
Total Accidents 0 Fatalities 10 Injuries 
Accidents by Time of Day and Day of Week : === 
0000 0200 0400 0600 0800 1000 1200 1400 1600 1800 2000 2200 All 
0159 0359 0559 0759 0959 1159 1359 1559 1759 1959 2159 2400 Times 
Sunday 0 0 0 0 0 0 0 0 0 0 0 0 0 
Monday 0 0 0 0 0 1 1 0 0 0 0 0 2 
Tuesday 0 0 0 0 0 1 0 1 1 0 0 0 3 
Wednesday 0 0 0 0 1 0 0 1 0 1 1 0 4 
Thursday 0 0 0 0 0 0 0 1 1 0 0 0 2 
Friday 0 1 0 0 0 0 0 0 3 1 0 0 5 
Saturday 0 0 0 0 0 0 2 0 0 0 0 0 2 
All Days 0 1 0 0 1 2 3 3 5 2 1 0 18 
=== Drinking Drivers === 
0 Not Impaired 0 Impaired 
0 Sobriety Tests Given 
=== Blood Alcohol Ranges === 
0 BAC = 000 0 001 - 049 
0 050 - 099 0 100 - 149 
0 150 - 199 0 BAC > 199 
=== Injury Summary === 
0 Fatal Injuries 
0 Major Injuries 
2 Minor Injuries 
8 Possible Injuries 
Property Damage = 5 67492 
Driver / Vehicle Related Contributing Circumstances 
Animal in Roadway 
Ran Traffic Signal 
Ran Stop Sign 
Passed Stopped School Bus 
Passing where Prohibited 
Passing Interfered w/ 0th Veh 
Left of Center - Not Passing 
FTÏROW - Uncontrolled Intersection 
10 FTYROW- From Stop Sign 
FTYROW - From Yield Sign 
FTYROW- Making Left Turn 
FTYROW- From Driveway 
FTYROW- From Parked Position 
FTYROW- To Pedestrian 
FTYROW- Other 
Wrong Way on One-Way 
Speed Too Fast for Conditions 
Exceeding Speed Limit 
Drag Racing 
Improper Turn 
Improper Lane Change 
1 Following too Close 
No Signal or Improper Signal 
Disregarded Rail Road Signal 
Disregarded Warning Signal 
Reckless Driving 
Improper Backing 
Illegal or Improper Backing 
1 Not Under Control 
Head Lights Not On 
Inattentive or Distracted 
Driver Confused 
Vision Obscured 
Oversized Vehicle 
Overloaded 
Inexperienced Driver 
Other 
Unknown 
6 None Apparent 
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Accident History For Intersection 223310 In Polk County 
Node 223310 : Int of 50th and Douglas in Des Moines 
Time Period: 7/87 - 6/92 
======= NUMBER OF ACCIDENTS ======= 
0 Fatal Accidents 0 Fatalities 0 Injuries 
17 Personal Injury Accidents 27 Injuries 
37 Property Damage Only Accidents 
54 Total Accidents 0 Fatalities 27 Injuries 
==: 
Accidents by Time of Day and Day o£ Week 
0000 0200 0400 0600 0800 1000 1200 1400 1600 1800 2000 2200 All 
0159 0359 0559 0759 0959 1159 1359 1559 1759 1959 2159 2400 Times 
Sunday 0 0 0 0 0 0 0 0 2 0 0 0 2 
Monday 0 0 0 1 2 0 1 3 0 0 0 0 7 
Tuesday 0 0 1 0 1 0 2 0 3 1 2 0 10 
Wednesday 0 0 0 2 1 0 0 3 1 3 0 0 10 
Thursday 0 0 0 1 0 0 2 1 4 1 0 0 9 
Friday 0 0 0 1 0 0 1 1 1 0 1 0 5 
Saturday 1 1 0 0 0 0 1 2 4 2 0 0 11 
All Days 1 1 1 5 4 0 7 10 15 7 3 0 54 
=== Drinking Drivers === 
1 Not Impaired 2 Impaired 
2 Sobriety Tests Given 
=== Blood Alcohol Ranges === 
0 BAC = 000 1 001 - 049 
0 050 - 099 0 100 - 149 
0 150 - 199 1 BAC > 199 
=== In]ury Summary === 
0 Fatal Injuries 
2 Major Injuries 
18 Minor Injuries 
7 Possible Injuries 
Property Damage = S 148575 
======= Driver / Vehicle Related Contril 
Animal in Roadway 
Ran Traffic Signal 
Ran Stop Sign 
Passed Stopped School Bus 
Passing where Prohibited 
Passing Interfered w/ 0th Veh 
Left of Center - Not Passing 
FTYROW - Uncontrolled Intersection 
14 FTYROW- From Stop Sign 
FTÏROW - From Yield Sign 
21 FTYROW- Making Left Turn 
FTYROW- From Driveway 
FTYROW- From Parked Position 
FTYROW- To Pedestrian 
1 FTYROW- Other 
Wrong Way on One-Way 
1 Speed too Fast for Condition 
Exceeding Speed Limit 
Drag Racing 
Improper Turn 
ig Circumstances ======= 
Improper Lane Change 
3 Following too Close 
No Signal or Improper Signal 
Disregarded Rail Road Signal 
Disregarded Warning Signal 
Reckless Driving 
Improper Backing 
1 Illegal or Improper Backing 
4 Not Under Control 
Head Lights Not On 
Inattentive or Distracted 
Driver Confused 
Vision Obscured 
Oversized Vehicle 
Overloaded 
1 Inexperienced Driver 
Other 
1 Unknown 
7 None Apparent 
122 
Accident History For Intersection 221709 In Folk County 
Node 221709 : Int o£ SOth and Hickman in Des Moines 
Time Period: 7/87 - 6/92 
======= NUMBER OF ACCIDENTS ======= 
0 Fatal Accidents 0 Fatalities 0 Injuries 
4 Personal Injury Accidents 11 Injuries 
7 Property Damage Only Accidents 
11 Total Accidents 0 Fatalities 11 Injuries 
======= Accidents by Time of Day and Day o£ Week ======= 
0000 0200 0400 0600 0800 1000 1200 1400 1600 1800 2000 2200 All 
0159 0359 0559 0759 0959 1159 1359 1559 1759 1959 2159 2400 Times 
Sunday 0 0 0 0 0 0 0 0 1 0 0 0 1 
Monday 0 0 0 0 0 0 0 0 1 0 0 0 1 
Tuesday 0 0 0 0 0 0 0 2 0 0 0 0 2 
Wednesday 0 0 0 0 0 0 0 0 0 0 0 0 0 
Thursday 0 0 0 0 0 0 0 0 1 0 0 0 1 
Friday 0 0 0 0 0 1 1 0 1 0 0 0 3 
Saturday 0 0 0 0 0 1 0 0 1 0 1 0 3 
All Days 0 0 0 0 0 2 1 2 5 0 1 0 11 
=== Drinking Drivers === 
0 Not Impaired 0 Impaired 
0 Sobriety Tests Given 
=== Blood Alcohol Ranges === 
0 BAC = 000 0 001 - 049 
0 050 - 099 0 100 - 149 
0 150 - 199 0 BAC > 199 
=== Injury Summary === 
0 Fatal Injuries 
3 Major Injuries 
5 Minor Injuries 
3 Possible Injuries 
Property Damage = 5 27800 
Driver / Vehicle Related Contributing Circumstances 
Animal in Roadway 
Ran Traffic Signal 
Ran Stop Sign 
1 Passed Stopped School Bus 
Passing where Prohibited 
Passing Interfered w/ 0th Veh 
Left of Center - Not Passing 
FTXROW - Uncontrolled Intersection 
4 FTÏROW- Prom Stop Sign 
FTÏROW - From ïield Sign 
FTYROM- Making Left Turn 
FTXROW- From Driveway 
FTYROW- From Parked Position 
1 FTYROW- To Pedestrian 
FTYROW- Other 
Wrong Way on One-Way 
Speed Too Fast for Conditions 
' Exceeding Speed Limit 
Drag Racing 
Improper Turn 
Improper Lane Change 
Following too Close 
No Signal or Improper Signal 
Disregarded Rail Road Signal 
Disregarded Warning Signal 
Reckless Driving 
Improper Backing 
Illegal or Improper Backing 
2 Not Under Control 
Head Lights Not On 
Inattentive or Distracted 
Driver Confused 
Vision Obscured 
Oversized Vehicle 
Overloaded 
Inexperienced Driver 
Other 
Unknown 
3 None Apparent 
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Accident History For Intersection 128101 In Polk County 
Node 128101 : Int o£ 41st and Grand in Des Moines 
Time Period: 7/87 - 6/92 
======= NUMBER OP ACCIDENTS ======= 
0 Fatal Accidents 0 Fatalities 0 Injuries 
14 Personal Injury Accidents 25 Injuries 
37 Property Damage Only Accidents 
51 Total Accidents 0 Fatalities 25 Injuries 
= = =  
Accidents by Time of Day and Day of Week 
0000 0200 0400 0600 0800 1000 1200 1400 1600 1800 2000 2200 All 
0159 0359 0559 0759 0959 1159 1359 1559 1759 1959 2159 2400 Times 
Sunday 0 0 0 0 0 0 0 0 1 0 0 0 1 
Monday 0 0 0 3 0 0 1 0 4 0 1 1 10 
Tuesday 1 0 0 2 0 0 0 2 2 0 0 0 7 
Wednesday 0 1 0 2 2 1 0 1 3 0 0 0 10 
Thursday 0 0 0 1 0 1 0 0 5 2 0 0 9 
Friday 1 0 0 0 1 1 0 2 1 0 1 0 7 
Saturday 1 0 0 1 0 1 0 0 1 2 1 0 7 
All Days 3 1 0 9 3 4 1 5 17 4 3 1 51 
=== Drinking Drivers === 
0 Not Impaired 1 Impaired 
1 Sobriety Tests Given 
=== Blood Alcohol Ranges === 
0 BAC = 000 0 001 - 049 
0 050 - 099 0 100 - 149 
1 150 - 199 0 BAC > 199 
=== Injury Summary = 
0 Fatal Injuries 
1 Major Injuries 
10 Minor Injuries 
14 Possible Injuries 
Property Damage = 138591 
====== Driver / Vehicle Related Contri 
Animal in Roadway 
12 Ran Traffic Signal 
Ran Stop Sign 
Passed Stopped School Bus 
Passing where Prohibited 
Passing Interfered w/ 0th Veh 
Left of Center - Not Passing 
FTYROW - Uncontrolled Intersection 
FTÏROW - Prom Stop Sign 
FTYROW - From Yield Sign 
22 FTYROW- Making Left Turn 
FTYROW- Prom Driveway 
FTYROW- From Parked Position 
FTYROW- To Pedestrian 
1 FTYROW- Other 
Wrong Way on One-way 
Speed Too Fast for Conditions 
Exceeding Speed Limit 
Drag Racing 
1 Improper Turn 
ng Circumstances ======= 
1 Improper Lane Change 
Following too Close 
No Signal or Improper Signal 
Disregarded Rail Road Signal 
Disregarded Warning Signal 
Reckless Driving 
Improper Backing 
Illegal or Improper Backing 
2 Not Under Control 
Head Lights Not On 
Inattentive or Distracted 
1 Driver Confused 
Vision Obscured 
Oversized Vehicle 
Overloaded 
Inexperienced Driver 
Other 
1 Unknown 
10 None Apparent 
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Accident History For Intersection 211793 In Polk County 
Node 211793 : Int of 62nd and Hickman in Des Moines 
Time Period: 7/87 - 6/92 
======= NUMBER OF ACCIDENTS ======= 
0 Fatal Accidents 0 Fatalities 0 Injuries 
15 Personal Injury Accidents 22 Injuries 
21 Property Damage Only Accidents 
36 Total Accidents 0 Fatalities 22 Injuries 
==: Accidents by Time of Day and Day of Week ==== 
0000 0200 0400 0600 0800 1000 1200 1-400 1600 1800 2000 2200 All 
0159 0359 0559 0759 0959 1159 1359 1559 1759 1959 2159 2400 Times 
Sunday 0 1 0 0 0 0 1 0 0 0 1 0 3 
Monday 0 0 0 2 0 0 0 1 4 2 0 0 9 
Tuesday 0 0 0 0 0 0 1 0 2 0 0 0 3 
Wednesday 0 0 0 0 0 1 0 2 1 2 1 0 7 
Thursday 0 0 0 0 2 0 0 0 0 0 0 0 2 
Friday 0 0 0 0 0 0 1 0 3 1 2 0 7 
Saturday 1 0 0 0 0 0 1 0 2 1 0 0 5 
All Days 1 1 0 2 2 1 4 3 12 6 4 0 36 
=== Injury Summary === 
0 Fatal Injuries 
2 Major Injuries 
5 Minor Injuries 
IS Possible Injuries 
Property Damage = S 
=== Drinking Drivers === 
1 Not Impaired 0 Impaired 
0 Sobriety Tests Given 
=== Blood Alcohol Ranges === 
0 BAC = 000 0 001 - 049 
0 050 - 099 0 100 - 149 
0 150 - 199 0 BAC > 199 
113592 
Driver / Vehicle Related Contributing Circumstances 
Animal in Roadway 
Ran Traffic Signal 
Ran Stop Sign 
Passed Stopped School Bus 
Passing where Prohibited 
Passing Interfered w/ 0th Veh 
1 Left of Center - Not Passing 
FTÏROW - Uncontrolled Intersection 
7 FTYROW- From Stop Sign 
FTÏROW - From Yield Sign 
5 FTYROW- Making Left Turn 
FTYROW- From Driveway 
FTYROW- From Parked Position 
FTYROW- To Pedestrian 
FTYROW- Other 
Wrong Way on One-Way 
1 Speed too Fast for Condition 
Exceeding Speed Limit 
1 Drag Racing 
Improper Turn 
Improper Lane Change 
6 Following too Close 
No Signal or Improper Signal 
Disregarded Rail Road Signal 
Disregarded Warning Signal 
Reckless Driving 
Improper Backing 
Illegal or Improper Backing 
6 Not Under Control 
Head Lights Not On 
1 Inattentive or Distracted 
Driver Confused 
Vision Obscured 
Oversized Vehicle 
Overloaded 
Inexperienced Driver 
Other 
1 Unknown 
7 None Apparent 
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Accident History For Intersection 142609 In Scott County 
Node 142609 : Int of Jersey Ridge and E 12th in Davenport 
Time Period: 7/87 - 6/92 
======= NUMBER OF ACCIDENTS ======= 
0 Fatal Accidents 0 Fatalities 0 Injuries 
0 Personal Injury Accidents 0 Injuries 
6 Property Damage Only Accidents 
6 Total Accidents 0 Fatalities 0 Injuries 
==: 
Accidents by Time of Day and Day of Week 
0000 0200 0400 0600 0800 1000 1200 1400 1600 1800 2000 2200 All 
0159 0359 0559 0759 0959 1159 1359 1559 1759 1959 2159 2400 Times 
Sunday 0 0 0 0 0 0 0 0 1 0 0 0 1 
Monday 0 0 0 0 0 1 0 0 0 0 0 0 1 
Tuesday 0 0 0 0 0 0 1 0 0 0 0 0 1 
Wednesday 0 0 0 0 0 0 0 1 0 0 0 0 1 
Thursday 0 0 0 0 0 0 0 0 0 0 0 0 0 
Friday 0 0 0 0 Q 0 0 0 0 0 0 0 0 
Saturday 0 0 0 0 0 1 0 1 0 0 0 0 2 
All Days 0 0 0 0 0 2 1 2 1 0 0 0 6 
=== Drinking Drivers === 
0 Not Impaired 0 Impaired 
0 Sobriety Tests Given 
=== Blood Alcohol Ranges === 
0 BAC = 000 0 001 - 049 
0 050 - 099 0 100 - 149 
0 150 - 199 0 BAC > 199 
=== Injury Summary === 
0 Fatal Injuries 
0 Major Injuries 
0 Minor Injuries 
0 Possible Injuries 
Property Damage = S 4800 
Driver / Vehicle Related Contributing Circumstances 
Animal in Roadway 
Ran Traffic Signal 
Ran Stop Sign 
Passed Stopped School Bus 
Passing where Prohibited 
Passing Interfered w/ 0th Veh 
Left of Center - Not Passing 
1 FTYROW- Uncontrolled Intersection 
1 FTYROW- Prom Stop Sign 
FTYROW - From Yield Sign 
FTYROW- Making Left Turn 
FTYROW- From Driveway 
1 FTYROW- From Parked Position 
FTYROW- To Pedestrian 
FTYROW- Other 
Wrong Way on One-way 
Speed Too Past for Conditions 
Exceeding Speed Limit 
Drag Racing 
Improper Turn 
Improper Lane Change 
Following too Close 
No Signal or Improper Signal 
Disregarded Rail Road Signal 
Disregarded Warning Signal 
Reckless Driving 
Improper Backing 
Illegal or Improper Backing 
Not Under Control 
Head Lights Not On 
Inattentive or Distracted 
Driver Confused 
Vision Obscured 
Oversized Vehicle 
Overloaded 
Inexperienced Driver 
Other 
Unknown 
3 None Apparent 
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Accident History For Intersection 143709 In Scott County 
Node 143709 : Int of Jersey Ridge and E Elm in Davenport 
Time Period; 7/87 - 6/92 
======= NUMBER OF ACCIDENTS ======= 
0 Fatal Accidents 0 Fatalities 0 Injuries 
2 Personal Injury Accidents 5 Injuries 
14 Property Damage Only Accidents 
16 Total Accidents 0 Fatalities 5 Injuries 
======= Accidents by Time of Day and Day of Week ======= 
0000 0200 0400 0600 0800 1000 1200 1400 1600 1800 2000 2200 All 
0159 0359 0559 0759 0959 1159 1359 1559 1759 1959 2159 2400 Times 
Sunday 
Monday 
Tuesday 
Wednesday 
Thursday 
Friday 
Saturday 
All Days 
2 
1 
2 
5 
2 
4 
0 
16 
=== Drinking Drivers === 
0 Not Impaired 1 Impaired 
1 Sobriety Tests Given 
=== Blood Alcohol Ranges === 
0 BAC = 000 0 001 - 049 
0 050 - 099 0 100 - 149 
1 150 - 199 0 BAC > 199 
=== Ingury Summary === 
0 Fatal Injuries 
0 Major Injuries 
4 Minor Injuries 
1 Possible Injuries 
Property Damage = S 46288 
Driver / Vehicle Related Contributing Circumstances 
Animal in Roadway 
Ran Traffic Signal 
3 Ran Stop Sign 
Passed Stopped School Bus 
Passing where Prohibited 
Passing Interfered w/ 0th Veh 
Left of Center - Not Passing 
PTÏROW - Oncontrolled Intersection 
6 FTYROW- From Stop Sign 
FTYROW - From Yield Sign 
FTYROW- Making Left Turn 
FTYROW- From Driveway 
FTYROW- From Parked Position 
FTYROW- To Pedestrian 
FTYROW- Other 
Wrong Way on One-way 
1 Speed too Fast for Condition 
Exceeding Speed Limit 
Drag Racing 
Improper Turn 
Improper Lane Change 
Following too Close 
No Signal or Improper Signal 
Disregarded Rail Road Signal 
Disregarded Warning Signal 
Reckless Driving 
Improper Backing 
Illegal or Improper Backing 
Not Under Control 
Head Lights Not On 
Inattentive or Distracted 
Driver Confused 
1 Vision Obscured 
Oversized Vehicle 
Overloaded 
Inexperienced Driver 
Other 
Unknown 
5 None Apparent 
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Accident History For Intersection 137365 In Scott County 
Node 137365 : Int of Marovette and W 53rd in Davenport 
Time Period: 7/87 - 6/92 
======= NUMBER OF ACCIDENTS ======= 
0 Fatal Accidents 0 Fatalities 0 Injuries 
4 Personal Injury Accidents 4 Injuries 
19 Property Damage Only Accidents 
23 Total Accidents 0 Fatalities 4 Injuries 
Accidents by Time of Day and Day of Week :=== 
0000 0200 0400 0600 0600 1000 1200 1400 1600 1800 2000 2200 All 
0159 0359 0559 0759 0959 1159 1359 1559 1759 1959 2159 2400 Times 
Sunday 0 0 0 0 0 0 0 0 0 2 0 0 2 
Monday 0 0 1 0 0 0 0 0 2 0 0 0 3 
Tuesday 0 0 0 3 0 0 0 1 0 0 0 0 4 
Wednesday 0 0 0 2 0 0 1 0 0 0 0 0 3 
Thursday 0 0 0 0 0 1 0 0 0 1 0 0 2 
Friday 0 0 0 0 1 0 0 0 3 0 0 0 4 
Saturday 1 0 0 0 0 0 2 1 1 0 0 0 5 
All Days 1 0 1 5 1 1 3 2 6 3 0 0 23 
=== Drinking Drivers === 
0 Not Impaired 0 Impaired 
0 Sobriety Tests Given 
=== Blood Alcohol Ranges === 
0 BAC = 000 0 001 - 049 
0 050 - 099 0 100 - 149 
0 150 - 199 0 BAC > 199 
=== Injury Summary === 
0 Fatal Injuries 
0 Major Injuries 
0 Minor Injuries 
4 Possible Injuries 
Property Damage = S 43665 
===== Driver / Vehicle Related Contributing Circumstances 
Animal in Roadway 
Ran Traffic Signal 
Ran Stop Sign 
Passed Stopped School Bus 
Passing where Prohibited 
Passing Interfered w/ 0th Veh 
Left of Center - Not Passing 
FTYROW - Uncontrolled Intersection 
5 FTYROW- From Stop Sign 
FTYROW - From Yield Sign 
4 FTYROW- Making Left Turn 
FTYROW- From Driveway 
FTYROW- From Parked Position 
FTYROW- To Pedestrian 
FTYROW- Other 
Wrong Way on One-way 
Speed Too Fast for Conditions 
Exceeding Speed Limit 
Drag Racing 
1 Improper Turn 
Improper Lane Change 
Following too Close 
No Signal or Improper Signal 
Disregarded Rail Road Signal 
Disregarded Warning Signal 
Reckless Driving 
Improper Backing 
Illegal or Improper Backing 
Not Under Control 
Head Lights Not On 
Inattentive or Distracted 
1 Driver Confused 
Vision Obscured 
Oversized Vehicle 
Overloaded 
Inexperienced Driver 
Other 
1 Unknown 
11 None Apparent 
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Accident History For Intersection 137371 In Scott County 
Node 137371 : Int of Appomattox and W 53rd in Davenport 
Time Period: 7/87 - 6/92 
======= NUMBER OP ACCIDENTS ======= 
0 Fatal Accidents 0 Fatalities 0 Injuries 
6 Personal Injury Accidents 9 Injuries 
9 Property Damage Only Accidents 
15 Total Accidents 0 Fatalities 9 Injuries 
=== Accidents by Time of Day and Day of Week 
0000 0200 0400 0600 0800 1000 1200 1400 1600 1800 2000 2200 All 
0159 0359 0559 0759 0959 1159 1359 1559 1759 1959 2159 2400 Times 
Sunday 0 0 0 0 0 0 0 0 1 0 0 0 1 
Monday 0 0 0 0 0 0 1 1 0 0 0 0 2 
Tuesday 0 0 0 1 0 0 0 3 0 0 0 0 4 
Wednesday 0 0 0 0 0 0 0 0 1 0 0 1 2 
Thursday 0 0 0 1 0 0 1 0 0 0 0 0 2 
Friday 0 0 0 0 0 0 0 0 2 0 0 0 2 
Saturday 0 0 0 0 0 1 0 1 0 0 0 0 2 
All Days 0 0 0 2 0 1 2 5 4 0 0 1 15 
=== Drinking Drivers === 
0 Not Impaired 0 Impaired 
0 Sobriety Tests Given 
=== Blood Alcohol Ranges === 
0 BAC = 000 0 001 - 049 
0 050 - 099 0 100 - 149 
0 150 - 199 0 BAC > 199 
=== Injury Summary === 
0 Fatal Injuries 
0 Major Injuries 
5 Minor Injuries 
4 Possible Injuries 
Property Damage = $ 30200 
Driver / Vehicle Related Contributing Circumstances 
Animal in Roadway 
Ran Traffic Signal 
1 Ran Stop Sign 
Passed Stopped School Bus 
Passing where Prohibited 
Passing Interfered w/ 0th Veh 
Left of Center - Not Passing 
FTYROW - Uncontrolled Intersection 
1 FTYROW- From Stop Sign 
FTYROW - From Yield Sign 
1 FTYROW- Making Left Turn 
FTYROW- From Driveway 
FTYROW- Prom Parked Position 
FTYROW- To Pedestrian 
FTYROW- Other 
Wrong Way on One-Way 
1 Speed too Fast for Condition 
Exceeding Speed Limit 
Drag Racing 
Improper Turn 
Improper Lane Change 
Following too Close 
No Signal or Improper Signal 
Disregarded Rail Road Signal 
Disregarded Warning Signal 
Reckless Driving 
Improper Backing 
Illegal or Improper Backing 
2 Not Under Control 
Head Lights Not On 
1 Inattentive or Distracted 
Driver Confused ' 
2 Vision Obscured 
Oversized Vehicle 
Overloaded 
Inexperienced Driver 
Other 
Unknown 
6 None Apparent 
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Accident History For Intersection 133348 In Scott County 
Node 133348 : Int of Locust and Pine in Davenport 
Time Period; 7/87 - 6/92 
======= NUMBER OF ACCIDENTS ======= 
0 Fatal Accidents 0 Fatalities 0 Injuries 
3 Personal Injury Accidents 3 Injuries 
4 Property Damage Only Accidents 
7 Total Accidents 0 Fatalities 3 Injuries 
Accidents by Time of Day and Day ot Week 
0000 0200 0400 0600 0800 1000 1200 1400 1600 1800 2000 2200 All 
0159 0359 0559 0759 0959 1159 1359 1559 1759 1959 2159 2400 Times 
Sunday 0 0 0 0 0 0 0 0 1 0 0 0 1 
Monday 0 0 0 0 0 0 0 0 0 0 0 0 0 
Tuesday 0 0 0 0 0 0 0 0 0 1 0 0 1 
Wednesday 0 0 0 0 0 0 0 1 0 0 0 0 1 
Thursday 0 0 0 0 0 0 0 0 0 0 0 0 0 
Friday 0 0 0 0 0 0 0 0 0 2 0 0 2 
Saturday 0 0 0 0 0 0 0 1 1 0 0 0 2 
All Days 0 0 0 0 0 0 0 2 2 3 0 0 7 
=== Drinking Drivers === 
0 Not Impaired 1 Impaired 
0 Sobriety Tests Given 
=== Blood Alcohol Ranges === 
0 BAC = 000 0 001 - 049 
0 050 - 099 0 100 - 149 
0 150 - 199 0 BAC > 199 
=== Injury Summary === 
0 Fatal Injuries 
0 Major Injuries 
0 Minor Injuries 
3 Possible Injuries 
Property Damage = S 22000 
Driver / Vehicle Related Contributing Circumstances 
Animal in Roadway 
Ran Traffic Signal 
Ran Stop Sign 
Passed Stopped School Bus 
Passing where Prohibited 
Passing Interfered w/ 0th Veh 
Left of Center - Not Passing 
FTYROW - Uncontrolled Intersection 
FTYROW - From Stop Sign 
FTYROW - From Yield Sign 
FTYROW- Making Left Turn 
FTYROW- From Driveway 
FTYROW- From Parked Position 
FTYROW- To Pedestrian 
FTYROW- Other 
Wrong Way on One-Hay 
Speed Too Fast for Conditions 
Exceeding Speed Limit 
Drag Racing 
Improper Turn 
Improper Lane Change 
Following too Close 
No Signal or Improper Signal 
Disregarded Rail Road Signal 
Disregarded Warning Signal 
Reckless Driving 
Improper Backing 
Illegal or Improper Backing 
Not Under Control 
Head Lights Not On 
Inattentive or Distracted 
Driver Confused 
Vision Obscured 
Oversized Vehicle 
Overloaded 
Inexperienced Driver 
Other 
Unknown 
None Apparent 
130 
Accident History For Intersection 133359 In Scott County 
Node 133359 : Int oC Locust and Sturdevant in Davenport 
Time Period; 7/87 - 6/92 
======= NUMBER OF ACCIDENTS ======= 
0 Fatal Accidents 0 Fatalities 0 Injuries 
6 Personal Injury Accidents 6 Injuries 
18 Property Damage Only Accidents 
24 Total Accidents 0 Fatalities 6 Injuries 
======= Accidents by Time of Day and Day of Week ======= 
0000 0200 0400 0600 0800 1000 1200 1400 1600 1800 2000 2200 All 
0159 0359 0559 0759 0959 1159 1359 1559 1759 1959 2159 2400 Times 
Sunday 0 0 0 0 0 1 0 0 0 0 0 0 1 
Monday 0 0 0 0 0 0 1 1 1 0 0 0 3 
Tuesday 0 0 0 0 0 0 0 1 0 0 0 0 1 
Wednesday 0 0 0 0 0 1 0 2 1 0 0 0 4 
Thursday 0 0 0 1 0 0 0 2 3 0 0 0 6 
Friday 0 0 0 0 2 1 0 0 •1 0 0 0 4 
Saturday 0 0 0 0 0 2 0 0 0 2 0 1 5 
All Days 0 0 0 1 2 5 1 6 6 2 0 1 24 
=== Drinking Drivers === 
0 Not Impaired 0 Impaired 
0 Sobriety Tests Given 
=== Blood Alcohol Ranges === 
0 BAC = 000 0 001 - 049 
0 050 - 099 0 100 - 149 
0 150 - 199 0 BAC > 199 
=== Injury Summary === 
0 Fatal Injuries 
0 Major Injuries 
2 Minor Injuries 
4 Possible Injuries 
Property Damage = $ 57895 
•===== Driver / Vehicle Related Contri 
Animal in Roadway 
Ran Traffic Signal 
1 Ran Stop Sign 
Passed Stopped School Bus 
Passing where Prohibited 
Passing Interfered w/ 0th Veh 
Left of Center - Not Passing 
FTÏROW - Uncontrolled Intersection 
6 FTYROW- From Stop Sign 
FTÏROW - Prom Yield Sign 
6 FTYROW- Making Left Turn 
FTYROW- From Driveway 
FTYROW- From Parked Position 
FTYROW- To Pedestrian 
FTYROW- Other 
Wrong Way on One-May 
Speed Too Fast for Conditions 
Exceeding Speed Limit 
Drag Racing 
Improper Turn 
ig Circumstances ======= 
Improper Lane Change 
Following too Close 
No Signal or Improper Signal 
Disregarded Rail Road Signal 
Disregarded Warning Signal 
Reckless Driving 
Improper Backing 
Illegal or Improper Backing 
Not Under Control 
Head Lights Not On 
1 Inattentive or Distracted 
1 Driver Confused 
Vision Obscured 
Oversized Vehicle 
Overloaded 
Inexperienced Driver 
Other 
1 Unknown 
8 None Apparent 
131 
Accident History For Intersection 343072 In Dubuque County 
Node 343072 : Int. of University and N. Angona in Dubuque 
Time Period; 7/87 - 6/92 
======= NUMBER OF ACCIDENTS ======= 
0 Fatal Accidents 0 Fatalities 0 Injuries 
2 Personal Injury Accidents 2 Injuries 
11 Property Damage Only Accidents 
13 Total Accidents 0 Fatalities 2 Injuries 
=== Accidents by Time of Day and Day of Week 
0000 0200 0400 0600 0800 1000 1200 1400 1600 1800 2000 2200 All 
0159 0359 0559 0759 0959 1159 1359 1559 1759 1959 2159 2400 Times 
Sunday 1 0 0 0 0 2 0 0 0 0 0 0 
Monday 0 0 0 0 0 0 1 0 0 0 0 0 
Tuesday 0 0 0 0 0 0 0 0 1 0 0 0 
Wednesday 0 0 0 0 0 0 0 0 0 0 0 1 
Thursday 1 0 0 0 0 0 0 0 0 0 0 0 
Friday 0 0 0 1 1 0 0 0 1 0 0 0 
Saturday 0 0 0 0 0 1 1 1 0 0 0 0 
All Days 2 0 0 1 1 3 2 1 2 0 0 1 13 
=== Drinking Drivers === 
0 Not Impaired 1 Impaired 
1 Sobriety Tests Given 
=== Blood Alcohol Ranges === 
0 BAC = 000 0 001 - 049 
0 050 - 099 0 100 - 149 
1 150 - 199 0 BAC > 199 
=== ln]ury Summary = 
0 Fatal Injuries 
0 Major Injuries 
0 Minor Injuries 
2 Possible Injuries 
Property Damage = 29650 
Driver / Vehicle Related Contributing Circumstances 
Animal in Roadway 
Ran Traffic Signal 
Ran Stop Sign 
Passed Stopped School Bus 
Passing where Prohibited 
Passing Interfered w/ 0th Veh 
Left of Center - Not Passing 
FTÏROW - Uncontrolled Intersection 
8 FTYROW- From Stop Sign 
FTYROW - From Yield Sign 
2 FTYROW- Making Left Turn 
FTYROW- From Driveway 
FTYROW- From Parked Position 
FTYROW- To Pedestrian 
FTYROW- Other 
Wrong Way on One-Way 
Speed Too Fast for Conditions 
Exceeding Speed Limit 
Drag Racing 
1 Improper Turn 
Improper Lane Change 
1 Following too Close 
No Signal or Improper Signal 
Disregarded Rail Road Signal 
Disregarded Warning Signal 
1 Reckless Driving 
Improper Backing 
Illegal or Improper Backing 
Not Under Control 
Head Lights Not On 
Inattentive or Distracted 
Driver Confused 
Vision Obscured 
Oversized Vehicle 
Overloaded 
Inexperienced Driver 
Other 
Unknown 
None Apparent 
132 
Accident History For Intersection 344259 In Dubuque County 
Node 344259 : Int. of Asbury and Chaney in Dubuque 
Time Period: 7/87 - 6/92 
======= NUMBER OF ACCIDENTS ======= 
0 Fatal Accidents 0 Fatalities 0 Injuries 
7 Personal Injury Accidents 8 Injuries 
10 Property Damage Only Accidents 
17 Total Accidents 0 Fatalities 8 Injuries 
= s = Accidents by Time of Day and 3ay of Week 
===: 
0000 0200 0400 0600 0800 1000 1200 1400 1600 1800 2000 2200 All 
0159 0359 0559 0759 0959 1159 1359 1559 1759 1959 2159 2400 Times 
Sunday 0 0 0 0 0 0 0 0 0 0 0 0 0 
Monday 0 0 0 2 0 0 0 0 1 0 0 0 3 
Tuesday 0 0 0 0 0 0 0 2 0 0 0 0 2 
Wednesday 0 0 0 1 1 0 1 0 1 0 0 0 4 
Thursday 0 0 0 0 0 0 1 0 0 1 0 0 2 
Friday 0 0 0 1 0 0 1 1 0 2 0 0 5 
Saturday 0 0 0 0 0 0 1 0 0 0 0 0 1 
All Days 0 0 0 4 1 0 4 3 2 3 0 0 17 
=== Drinking Drivers === 
0 Not Impaired 0 Impaired 
0 Sobriety Tests Given 
=== Blood Alcohol Ranges === 
0 BAC = 000 0 001 - 049 
0 050 - 099 0 100 - 149 
0 150 - 199 0 BAC > 199 
=== Injury Summary = 
0 Fatal Injuries 
0 Major Injuries 
2 Minor Injuries 
6 Possible Injuries 
Property Damage = 25030 
Driver / Vehicle Related Contributing Circumstances 
Animal in Roadway 
Ran Traffic Signal 
1 Ran Stop Sign 
Passed Stopped School Bus 
1 Passing Where Prohibited 
Passing Interfered w/ 0th Veh 
Left of Center - Not Passing 
FTYROW - Uncontrolled Intersection 
4 FTYROW- From Stop Sign 
FTYROW - From Yield Sign 
2 FTYROW- Making Left Turn 
FTYROW- From Driveway 
FTYROW- From Parked Position 
FTYROW- To Pedestrian 
FTYROW- Other 
Wrong Way on One-Way 
1 Speed too Fast for Condition 
Exceeding Speed Limit 
Drag Racing 
Improper Turn 
Improper Lane Change 
2 Following too Close 
No Signal or Improper Signal 
Disregarded Rail Road Signal 
Disregarded Warning Signal 
Reckless Driving 
Improper Backing 
Illegal or Improper Backing 
1 Not Under Control 
Head Lights Not On 
Inattentive or Distracted 
Driver Confused 
Vision Obscured 
Oversized Vehicle 
Overloaded 
Inexperienced Driver 
Other 
2 Unknown 
3 None Apparent 
133 
Accident History For Intersection 344149 In Dubuque County 
Node 344149 : Int. of J.F. Kennedy and Foothill in Dubuque 
Time Period: 7/87 - 6/92 
======= NUMBER OF ACCIDENTS ======= 
0 Fatal Accidents 0 Fatalities 0 Injuries 
0 Personal Injury Accidents 0 Injuries 
8 Property Damage Only Accidents 
8 Total Accidents 0 Fatalities 0 Injuries 
=  =  :  
Accidents by Time of Day and Day of Week = = = =  :  =  =  =  
0000 0200 0400 0600 0800 1000 1200 1400 1600 1800 2000 2200 All 
0159 0359 0559 0759 0959 1159 1359 1559 1759 1959 2159 2400 Times 
Sunday 0 0 0 0 0 0 0 0 0 0 0 0 0 
Monday 1 0 0 0 0 0 1 0 0 0 0 0 2 
Tuesday 0 0 0 0 0 0 0 0 0 0 1 0 1 
Wednesday 0 0 0 0 0 0 0 0 0 0 0 0 0 
Thursday 0 0 0 0 1 0 0 1 0 1 0 0 3 
Friday 0 0 0 0 0 0 0 1 0 1 0 0 2 
Saturday 0 0 0 0 0 0 0 0 0 0 0 0 0 
All Days 1 0 0 0 1 0 1 2 0 2 1 0 8 
=== Drinking Drivers === 
0 Not Impaired 0 Impaired 
0 Sobriety Tests Given 
=== Blood Alcohol Ranges === 
0 BAC = 000 0 001 - 049 
0 050 - 099 0 100 - 149 
0 150 - 199 0 BAC > 199 
=== Injury Summary === 
0 Fatal Injuries 
0 Major Injuries 
0 Minor Injuries 
0 Possible Injuries 
Property Damage = 9 10600 
Driver / Vehicle Related Contributing Circumstances 
Animal in Roadway 
Ran Traffic Signal 
Ran Stop Sign 
Passed Stopped School Bus 
Passing where Prohibited 
Passing Interfered w/ 0th Veh 
Left of Center - Not Passing 
FTYROW - Uncontrolled Intersection 
2 FTYROW- From Stop Sign 
FTYROW - Prom Yield Sign 
1 FTYROW- Making Left Turn 
FTYROW- From Driveway 
FTYROW- From Parked Position 
FTYROW- To Pedestrian 
FTYROW- Other 
Wrong Way on One-way 
1 Speed too Fast for Condition 
Exceeding Speed Limit 
Drag Racing 
1 Improper Turn 
1 Improper Lane Change 
1 Following too Close 
No Signal or Improper Signal 
Disregarded Rail Road Signal 
Disregarded Warning Signal 
Reckless Driving 
Improper Backing 
Illegal or Improper Backing 
Not Under Control 
Head Lights Not On 
Inattentive or Distracted 
Driver Confused 
Vision Obscured 
Oversized Vehicle 
Overloaded 
Inexperienced Driver 
Other 
Unknown 
1 None Apparent 
134 
Accident History For Intersection 342279 In Dubuque County 
Node 342279 : Int. of Dodge and Booth in Dubuque 
Time Period: 7/87 - 6/92 
======= NUMBER OP ACCIDENTS ======= 
0 Fatal Accidents 0 Fatalities 0 Injuries 
8 Personal Injury Accidents 16 Injuries 
42 Property Damage Only Accidents 
50 Total Accidents 0 Fatalities 16 Injuries 
=== Accidents by Time o f Day and Day of Week ===: 
0000 0200 0400 0600 0800 1000 1200 1400 1600 1800 2000 2200 All 
0159 0359 0559 0759 0959 1159 1359 1559 1759 1959 2159 2400 Times 
Sunday 1 0 0 0 0 1 1 1 0 0 0 0 4 
Monday 0 0 0 1 2 2 2 1 1 1 0 0 10 
Tuesday 1 0 0 0 2 0 0 0 2 0 0 2 7 
Wednesday 1 0 0 0 1 1 1 0 1 0 0 0 5 
Thursday 0 0 0 0 0 0 2 0 2 1 0 0 5 
Friday 0 0 0 0 1 1 0 4 3 0 0 0 9 
Saturday 2 0 0 0 0 1 3 4 0 0 0 0 10 
All Days 5 0 0 1 6 6 9 10 9 2 0 2 50 
=== Drinking Drivers === 
0 Not Impaired 0 Impaired 
0 Sobriety Tests Given 
=== Blood Alcohol Ranges === 
0 BAC = 000 0 001 - 049 
0 050 - 099 0 100 - 149 
0 150 - 199 0 BAC > 199 
=== Injury Summary === 
0 Fatal Injuries 
0 Major Injuries 
7 Minor Injuries 
9 Possible Injuries 
Property Damage = 5 100000 
====== Driver / Vehicle Related Contril 
Animal in Roadway 
Ran Traffic Signal 
Ran Stop Sign 
Passed Stopped School Bus 
1 Passing Where Prohibited 
Passing Interfered w/ 0th Veh 
Left of Center - Not Passing 
FTÏROW - Uncontrolled Intersection 
3 FTYROW- From Stop Sign 
FTYROW - From Yield Sign 
3 FTYROW- Making Left Turn 
FTYROW- From Driveway 
FTYROW- From Parked Position 
FTYROW- To Pedestrian 
2 FTYROW- Other 
Wrong Way on One-Way 
13 Speed too Fast for Condition 
Exceeding Speed Limit 
Drag Racing 
3 Improper Turn 
ing Circumstances ======= 
Improper Lane Change 
2 Following too Close 
No Signal or Improper Signal 
Disregarded Rail Road Signal 
Disregarded Warning Signal 
Reckless Driving 
Improper Backing 
Illegal or Improper Backing 
4 Not Under Control 
Head Lights Not On 
4 Inattentive or Distracted 
Driver Confused 
1 Vision Obscured 
Oversized Vehicle 
Overloaded 
Inexperienced Driver 
Other 
7 Unknown 
7 None Apparent 
135 
Accident History For Intersection 342175 In Dubuque County 
Node 342175 : Int. of Dodge and Fremont-Lombard in Dubuque 
Time Period: 7/87 - 6/92 
======= NUMBER OF ACCIDENTS ======= 
0 Fatal Accidents 0 Fatalities 0 Injuries 
13 Personal Injury Accidents 15 Injuries 
34 Property Damage Only Accidents 
47 Total Accidents 0 Fatalities 15 Injuries 
=== 
Accidents by Time of Day and Day of Week : = = = 
0000 0200 0400 0600 0800 1000 1200 1400 1600 1800 2000 2200 All 
0159 0359 0559 0759 0959 1159 1359 1559 1759 1959 2159 2400 Times 
Sunday 0 0 0 0 0 0 3 0 1 0 0 0 4 
Monday 0 0 . 0 0 0 1 3 5 2 2 0 0 13 
Tuesday 0 1 0 0 0 1 0 1 0 1 0 0 4 
Wednesday 0 1 0 0 0 1 3 1 1 1 0 0 8 
Thursday 1 0 0 0 0 0 1 4 1 G 0 0 7 
Friday 0 1 0 0 0 1 0 2 0 0 1 0 5 
Saturday 0 0 0 0 1 1 2 1 0 0 1 0 6 
All Days 1 3 0 0 1 5 12 14 5 4 2 0 47 
=== Drinking Drivers === 
1 Not Impaired 1 Impaired 
1 Sobriety Tests Given 
=== Blood Alcohol Ranges === 
0 BAC = 000 0 001 - 049 
0 050 - 099 1 100 - 149 
0 150 - 199 0 BAC > 199 
=== Injury Summary === 
0 Fatal Injuries 
1 Major Injuries 
3 Minor Injuries 
11 Possible Injuries 
Property Damage = S 96600 
Driver / Vehicle Related Contributing Circumstances 
Animal in Roadway 
Ran Traffic Signal 
Ran Stop Sign 
Passed Stopped School Bus 
Passing where Prohibited 
Passing Interfered w/ 'oth Veh 
Left of Center - Not Passing 
FTÏROW - Uncontrolled Intersection 
15 FTVrROW- From Stop Sign 
FTÏROW - Prom Yield Sign 
7 FTYROM- Making Left Turn 
FTÏROW- From Driveway 
FTÏROW- From Parked Position 
FTÏROW- To Pedestrian 
5 FTÏROW- Other 
, Wrong Way on One-Way 
6 Speed too Fast for Condition 
Exceeding Speed Limit 
Drag Racing 
1 Improper Turn 
2 Improper Lane Change 
2 Following too Close 
No Signal or Improper Signal 
Disregarded Rail Road Signal 
Disregarded Warning Signal 
Reckless Driving 
Improper Backing 
Illegal or Improper Backing 
1 Not Under Control 
Head Lights Not On 
2 Inattentive or Distracted 
Driver Confused 
1 Vision Obscured 
Oversized Vehicle 
Overloaded 
Inexperienced Driver 
Other 
3 Unknown 
2 None Apparent 
136 
Accident History For Intersection 342165 In Dubuque County 
Node 342165 : Int. of Dodge and Cherokee in Dubuque 
Time Period: 7/87 - 6/92 
======= NUMBER OP ACCIDENTS ======= 
0 Fatal Accidents 0 Fatalities 0 Injuries 
14 Personal Injury Accidents 21 Injuries 
21 Property Damage Only Accidents 
35 Total Accidents 0 Fatalities 21 Injuries 
===== Accidents by Time of Day and Day of Week ==== 
0000 0200 0400 0600 0800 1000 1200 1400 1600 1800 2000 2200 All 
0159 0359 0559 0759 0959 1159 1359 1559 1759 1959 2159 2400 Times 
Sunday 0 0 0 0 0 1 0 1 1 0 0 0 3 
Monday 0 0 0 2 1 1 0 0 0 0 0 0 4 
Tuesday 0 1 0 0 0 0 1 1 1 0 0 0 4 
Wednesday 0 0 0 0 0 0 1 1 1 0 1 0 4 
Thursday 0 0 0 0 0 0 0 2 2 0 1 0 5 
Friday 1 0 0 2 0 0 1 3 4 0 0 1 12 
Saturday 0 0 0 0 0 0 0 1 1 0 1 0 3 
All Days 1 1 0 4 1 2 3 9 10 0 3 1 35 
=== Drinking Drivers === 
0 Not Impaired 0 Impaired 
0 Sobriety Tests Given 
=== Blood Alcohol Ranges === 
0 BAC = 000 0 001 - 049 
0 050 - 099 0 100 - 149 
0 150 - 199 0 BAC > 199 
=== Injury Summary === 
0 Fatal Injuries 
1 Major Injuries 
7 Minor Injuries 
13 Possible Injuries 
Property Damage = $ 87906 
Driver / Vehicle Related Contributing Circumstances 
1 Animal in Roadway 
Ran Traffic Signal 
Ran Stop Sign 
Passed Stopped School Bus 
Passing where Prohibited 
Passing Interfered w/ 0th Veh 
Left of Center - Not Passing 
FTYROH - Uncontrolled Intersection 
2 FTÏROW- From Stop Sign 
FTÏROW - From yield Sign 
6 FTYROW- Making Left Turn 
FTÏROW- From Driveway 
FTÏROW- From Parked Position 
FTÏROW- To Pedestrian 
FTÏROW- Other 
Wrong Way on One-Way 
5 Speed too Fast for Condition 
1 Exceeding Speed Limit 
Drag Racing 
Improper Turn 
2 Improper Lane Change 
4 Following too Close 
No Signal or Improper Signal 
Disregarded Rail Road Signal 
Disregarded Warning Signal 
Reckless Driving 
Improper Backing 
Illegal or Improper Backing 
1 Not Under Control 
Head Lights Not On 
1 Inattentive or Distracted 
Driver Confused 
2 Vision Obscured 
Oversized Vehicle 
Overloaded 
Inexperienced Driver 
Other 
6 Unknown 
4 None Apparent 
137 
Accident History For Intersection 224170 In Linn County 
Node 224170 : Int. of Sever and Forest In Cedar Rapids 
Time Period: 7/87 - 6/92 
======= NUMBER OP ACCIDENTS ======= 
0 Fatal Accidents 0 Fatalities 0 
1 Personal Injury Accidents 1 
5 Property Damage Only Accidents 
6 Total Accidents 0 Fatalities 1 Injuries 
Injuries 
Injuries 
= = :  = === Accidents by Time of Day and Day of Week 
0000 0200 0400 0600 0800 1000 1200 1400 1600 1800 2000 2200 All 
0159 0359 0559 0759 0959 1159 1359 1559 1759 1959 2159 2400 Times 
Sunday 0 0 0 0 0 0 0 0 0 0 0 0 0 
Monday 0 0 0 0 0 0 0 0 0 0 0 0 0 
Tuesday 0 0 0 0 1 0 1 0 0 0 0 0 2 
Wednesday 1 0 0 0 0 0 0 0 0 0 0 0 1 
Thursday 0 0 0 0 1 0 0 0 0 0 0 0 1 
Friday 0 0 0 0 1 0 0 0 0 0 0 0 1 
Saturday 0 0 0 0 0 1 0 0 0 0 0 0 1 
All Days 1 0 0 0 3 1 1 0 0 0 0 0 6 
=== Drinking Drivers === 
0 Not Impaired 1 Impaired 
0 Sobriety Tests Given 
=== Blood Alcohol Ranges === 
0 BAC = 000 0 001 - 049 
0 050 - 099 0 100 - 149 
0 150 - 199 0 BAC > 199 
=== Injury Summary === 
0 Fatal Injuries 
0 Major Injuries 
1 Minor Injuries 
0 Possible Injuries 
Property Damage = $ 11250 
Driver / Vehicle Related Contributing Circumstances 
Animal in Roadway 
Ran Traffic Signal 
1 Ran Stop Sign 
Passed Stopped School Bus 
Passing where Prohibited 
Passing Interfered w/ 0th Veh 
Left of Center - Not Passing 
FTÏROW - Uncontrolled Intersection 
2 FTÏROW- From Stop Sign 
FTYROW - From Yield Sign 
FTYROW- Making Left Turn 
FTYROW- From Driveway 
FTYROW- From Parked Position 
FTYROW- To Pedestrian 
FTYROW- Other 
Wrong Way on One-Way 
1 Speed too Fast for Condition 
Exceeding Speed Limit 
Drag Racing 
Improper Turn 
Improper Lane Change 
Following too Close 
No Signal or Improper Signal 
Disregarded Rail Road Signal 
Disregarded Warning Signal 
Reckless Driving 
Improper Backing 
Illegal or Improper Backing 
Not Under Control 
Head Lights Not On 
Inattentive or Distracted 
Driver Confused 
1 Vision Obscured 
Oversized Vehicle 
Overloaded 
Inexperienced Driver 
Other 
Unknown 
1 None Apparent 
138 
Accident History For Intersection 224177 In Linn County 
Node 224177 : Int. of Sever and 30th in Cedar Rapids 
Time Period: 7/87 - 6/92 
======= NUMBER OP ACCIDENTS ======= 
0 Fatal Accidents 0 Fatalities 0 Injuries 
0 Personal Injury Accidents 0 Injuries 
2 Property Damage Only Accidents 
2 Total Accidents 0 Fatalities 0 Injuries 
= = : 
Accidents by Time of Day and Day of Week 
: = = = 
0000 0200 0400 0600 0800 1000 1200 1400 1600 1800 2000 2200 All 
0159 0359 0559 0759 0959 1159 1359 1559 1759 1959 2159 2400 Times 
Sunday 0 0 0 0 0 0 0 0 0 0 0 0 0 
Monday 0 0 0 0 0 0 0 0 0 0 0 0 0 
Tuesday 0 0 0 0 1 0 0 0 0 1 0 0 2 
Wednesday 0 0 0 0 0 0 0 0 0 0 0 0 0 
Thursday 0 0 0 0 0 0 0 0 0 0 0 0 0 
Friday 0 0 0 0 0 0 0 0 0 0 0 0 0 
Saturday 0 0 0 0 0 0 0 0 0 0 0 0 0 
All Days 0 0 0 0 1 0 0 0 0 1 0 0 2 
=== Drinking Drivers === 
0 Not Impaired 0 Impaired 
0 Sobriety Tests Given 
=== Blood Alcohol Ranges === 
0 BAC = 000 0 001 - 049 
0 050 - 099 0 100 - 149 
0 150 - 199 0 BAC > 199 
=== In]ury Summary === 
0 Fatal Injuries 
0 Major Injuries 
0 Minor Injuries 
0 Possible Injuries 
Property Damage = S 1500 
Driver / Vehicle Related Contributing Circumstances 
Animal in Roadway 
Ran Traffic Signal 
Ran Stop Sign 
Passed Stopped School Bus 
Passing where Prohibited 
Passing Interfered w/ 0th Veh 
Left of Center - Not Passing 
FTÏROW - Uncontrolled Intersection 
FTYROW - From Stop Sign 
FTYROW - From Yield Sign 
FTYROW- Making Left Turn 
FTYROW- Prom Driveway 
FTYROW- Prom Parked Position 
FTYROW- To Pedestrian 
FTYROW- Other 
Wrong Way on One-Way 
Speed Too Fast for Conditions 
Exceeding Speed Limit 
Drag Racing 
Improper Turn 
Improper Lane Change 
Following too Close 
No Signal or Improper Signal 
Disregarded Rail Road Signal 
Disregarded Warning Signal 
Reckless Driving 
Improper Backing 
Illegal or Improper Backing 
Not Under Control 
Head Lights Not On 
Inattentive or Distracted 
Driver Confused 
1 Vision Obscured 
Oversized Vehicle 
Overloaded 
Inexperienced Driver 
Other 
Unknown 
1 None Apparent 
139 
Accident History For Intersection 223379 In Linn County 
Node 223379 : Int. of Mt. Vernon and 32nd in Cedar Rapids 
Time Period: 7/87 - 6/92 
======= NUMBER OF ACCIDENTS ======= 
0 Fatal Accidents 0 Fatalities 0 Injuries 
4 Personal Injury Accidents 6 Injuries 
5 Property Damage Only Accidents 
9 Total Accidents 0 Fatalities 6 Injuries 
======= Accidents by Time of Day and Day of Week ==== : = = = 
0000 0200 0400 0600 0800 1000 1200 1400 1600 1800 2000 2200 All 
0159 0359 0559 0759 0959 1159 1359 1559 1759 1959 2159 2400 Times 
Sunday 0 0 0 0 0 0 0 0 0 0 0 0 0 
Monday 0 1 0 0 0 0 0 1 0 0 0 0 2 
Tuesday 0 0 0 0 0 0 0 1 1 1 0 0 3 
Wednesday 0 0 0 0 0 0 0 0 1 0 1 0 2 
Thursday 0 0 0 0 0 0 0 0 0 0 0 0 0 
Friday 0 0 0 0 1 0 0 0 0 0 0 0 1 
Saturday 0 0 0 0 0 0 0 1 0 0 0 0 1 
All Days 0 1 0 0 1 0 0 3 2 1 1 0 9 
=== Drinking Drivers === 
0 Not Impaired 1 Impaired 
1 Sobriety Tests Given 
=== Blood Alcohol Ranges === 
1 BAC = 000 0 001 - 049 
0 050 - 099 0 100 - 149 
0 150 - 199 0 BAC > 199 
=== Injury Summary === 
0 Fatal Injuries 
0 Major Injuries 
3 Minor Injuries 
3 Possible Injuries 
Property Damage = $ 18344 
Driver / Vehicle Related Contributing Circumstances ======= 
Animal in Roadway 
Ran Traffic Signal 
1 Ran Stop Sign 
Passed Stopped School Bus 
Passing where Prohibited 
Passing Interfered w/ 0th Veh 
Left of Center - Not Passing 
FTÏROW - Uncontrolled Intersection 
PTYROW - Prom Stop Sign 
FTYROW - Prom Yield Sign 
1 FTYROW- Making Left Turn 
FTYROW- From Driveway 
FTYROW- From Parked Position 
PTYROW- To Pedestrian 
FTYROW- Other 
Wrong Way on One-Hay 
Speed Too Fast for Conditions 
1 Exceeding Speed Limit 
Drag Racing 
Improper Turn 
Improper Lane Change 
Following too Close 
No Signal or Improper Signal 
Disregarded Rail Road Signal 
Disregarded Warning Signal 
Reckless Driving 
Improper Backing 
Illegal or Improper Backing 
Not Under Control 
Head Lights Not On 
Inattentive or Distracted 
Driver Confused 
Vision Obscured 
Oversized Vehicle 
Overloaded 
Inexperienced Driver 
Other 
Unknown 
6 None Apparent 
140 
Accident History For Intersection 223448 In Linn County 
Node 223448 : Int. of Mt. 8th and 5th in Cedar Rapids 
Time Period: 7/87 - 6/92 
======= NUMBER OF ACCIDENTS ======= 
0 Fatal Accidents 0 Fatalities 0 Injuries 
4 Personal Injury Accidents 4 Injuries 
4 Property Damage Only Accidents 
8 Total Accidents 0 Fatalities 4 Injuries 
==: 
Accidents by Time of Day and Day of Week 
0000 0200 0400 0600 0800 1000 1200 1400 1600 1800 2000 2200 All 
0159 0359 0559 0759 0959 1159 1359 1559 1759 1959 2159 2400 Times 
Sunday 0 0 0 0 0 0 0 0 0 0 0 0 0 
Monday 0 0 0 0 0 2 0 1 1 0 0 0 4 
Tuesday 0 0 0 0 1 0 0 i .  0 0 0 0 1 
Wednesday 0 0 0 0 0 0 0 0 0 0 0 0 0 
Thursday 0 0 0 0 0 0 0 1 0 0 0 0 1 
Friday 0 0 0 0 0 0 0 1 1 0 0 0 2 
Saturday 0 0 0 0 0 0 0 0 0 0 0 0 0 
All Days 0 0 0 0 1 2 0 3 2 0 0 0 8 
=== Drinking Drivers === 
0 Not Impaired 0 Impaired 
0 Sobriety Tests Given 
=== Blood Alcohol Ranges === 
0 BAC = 000 0 001 - 049 
0 050 - 099 0 100 - 149 
0 150 - 199 0 BAC > 199 
=== Injury Summary === 
0 Fatal Injuries 
0 Major Injuries 
1 Minor Injuries 
3 Possible Injuries 
Property Damage = 5 17500 
===== Driver / Vehicle Related Contributing Circumstances ======= 
Animal in Roadway 
1 Ran Traffic Signal 
1 Ran Stop Sign 
Passed Stopped School Bus 
Passing where Prohibited 
Passing Interfered w/ 0th Veh 
Left of Center - Not Passing 
FTYROW - Uncontrolled Intersection 
2 FTYROW- From Stop Sign 
FTYROW - From Yield Sign 
FTYROW- Making Left Turn 
FTYROW- From Driveway 
FTYROW- From Parked Position 
FTYROW- To Pedestrian 
FTYROW- Other 
Wrong Way on One-Way 
Speed Too Fast for Conditions 
Exceeding Speed Limit 
Drag Racing 
Improper Turn 
Improper Lane Change 
Following too Close 
No Signal or Improper Signal 
Disregarded Rail Road Signal 
Disregarded Warning Signal 
Reckless Driving 
Improper Backina 
Illegal or Improper Backing 
Not Under Control 
Head Lights Not On 
Inattentive or Distracted 
Driver Confused 
Vision Obscured 
Oversized Vehicle 
Overloaded 
Inexperienced Driver 
Other 
Unknown 
4 None Apparent 
141 
Accident History For Intersection 211263 In Pottawattamie County 
Node 211263 : Int. of 5th and S. 25th in Council Bluffs 
Time Period: 7/87 - 6/92 
======= NUMBER OF ACCIDENTS ======= 
0 Fatal Accidents 0 Fatalities 0 Injuries 
10 Personal Injury Accidents 17 Injuries 
14 Property Damage Only Accidents 
24 Total Accidents 0 Fatalities 17 Injuries 
======= Accidents by Time of Day and Day of Week ======= 
0000 0200 0400 0600 0800 1000 1200 1400 1600 1800 2000 2200 All 
0159 0359 0559 0759 0959 1159 1359 1559 1759 1959 2159 2400 Times 
Sunday 0 1 0 0 0 0 0 0 1 1 0 0 3 
Monday 0 0 0 0 0 0 0 2 0 1 0 0 3 
Tuesday 0 0 0 0 0 0 0 0 2 0 0 0 2 
Wednesday 0 0 0 0 1 0 0 0 2 0 0 0 3 
Thursday 0 0 0 0 0 1 1 0 1 0 0 0 3 
Friday 0 0 0 0 0 1 1 1 0 0 1 0 4 
Saturday 1 0 0 0 1 1 1 0 1 0 1 0 6 
All Days 1 1 0 0 2 3 3 3 7 2 2 0 24 
=== Injury Summary === 
0 Fatal Injuries 
1 Major Injuries 
7 Minor Injuries 
9 Possible Injuries 
Property Damage = $ 
=== Drinking Drivers === 
0 Not Impaired 0 Impaired 
0 Sobriety Tests Given 
=== Blood Alcohol Ranges === 
0 BAC = 000 0 001 - 049 
0 050 - 099 0 100 - 149 
0 150 - 199 0 BAC > 199 
47166 
Driver / Vehicle Related Contributing Circumstances 
Animal in Roadway 
Ran Traffic Signal 
6 Ran Stop Sign 
Passed Stopped School Bus 
Passing where Prohibited 
Passing Interfered w/ 0th Veh 
Left of Center - Not Passing 
FTVROW - Uncontrolled Intersection 
9 FTÏROW- From Stop Sign 
FTÏROW - Prom Yield Sign 
2 FTÏROW- Making Left Turn 
FTXROW- Prom Driveway 
PTÏROW- Prom Parked Position 
FTÏROW- To Pedestrian 
FTÏROW- Other 
, Wrong Way on One-Way 
Speed Too Past for Conditions 
Exceeding Speed Limit 
Drag Racing 
Improper Turn 
Improper Lane Change 
Following too Close 
No Signal or Improper Signal 
Disregarded Rail Road Signal 
Disregarded Warning Signal 
Reckless Driving 
Improper Backing 
Illegal or Improper Backing 
2 Not Under Control 
Head Lights Not On 
1 Inattentive or Distracted 
Driver Confused 
Vision Obscured 
Oversized Vehicle 
Overloaded 
Inexperienced Driver 
Other 
Unknown 
4 None Apparent 
142 
Accident History For Intersection 210181 In Pottawattamie County 
Node 210181 : Int. of 23rd and S. 11th in Council Bluffs 
Time Period: 7/87 - 6/92 
======= NUMBER OP ACCIDENTS ======= 
0 Fatal Accidents 0 Fatalities 0 Injuries 
0 Personal Injury Accidents 0 Injuries 
1 Property Damage Only Accidents 
1 Total Accidents 0 Fatalities 0 Injuries 
======= Accidents by Time of Day and Day of Week ======= 
0000 0200 0400 0600 0800 1000 1200 1400 1600 1800 2000 2200 All 
0159 0359 0559 0759 0959 1159 1359 1559 1759 1959 2159 2400 Times 
Sunday 0 0 0 0 0 0 0 0 0 0 0 0 0 
Monday 0 0 0 0 0 0 0 0 0 0 0 0 0 
Tuesday 0 0 0 0 0 0 0 0 0 0 0 0 0 
Wednesday 0 0 0 0 0 0 0 0 0 0 0 0 0 
Thursday 0 0 0 0 0 0 0 0 0 0 0 0 0 
Friday 0 0 0 0 0 0 1 0 0 0 0 0 1 
Saturday 0 0 0 0 0 0 0 0 0 0 0 0 0 
All Days 0 0 0 0 0 0 1 0 0 0 0 0 1 
=== Drinking Drivers === 
0 Not Impaired 0 Impaired 
0 Sobriety Tests Given 
=== Blood Alcohol Ranges === 
0 BAC = 000 0 001 - 049 
0 050 - 099 0 100 - 149 
0 150 - 199 0 BAC > 199 
=== Injury Summary === 
0 Fatal Injuries 
0 Major Injuries 
0 Minor Injuries 
0 Possible Injuries 
Property Damage = $ 500 
=== Driver / Vehicle Related Contril 
Animal in Roadway 
Ran Traffic Signal 
Ran Stop Sign 
Passed Stopped School Bus 
Passing where Prohibited 
Passing Interfered w/ 0th Veh 
Left of Center - Not Passing 
FTYROW - Uncontrolled Intersection 
FTYROW - From Stop Sign 
FTÏROW - From Yield Sign 
FTYROW- Making Left Turn 
FTYROW- From Driveway 
FTYROW- From Parked Position 
FTYROW- To Pedestrian 
FTYROW- Other 
Wrong Way on One-Way 
Speed Too Fast for Conditions 
Exceeding Speed Limit 
Drag Racing 
Improper Turn 
ing Circumstances ======= 
Improper Lane Change 
Following too Close 
No Signal or Improper Signal 
Disregarded Rail Road Signal 
Disregarded Warning Signal 
Reckless Driving 
Improper Backing 
Illegal or Improper Backing 
Not Under Control 
Head Lights Not On 
Inattentive or Distracted 
Driver Confused 
Vision Obscured 
Oversized Vehicle 
Overloaded 
Inexperienced Driver 
Other 
Unknown 
1 None Apparent 
143 
Accident History For Intersection 222304 In Pottawattamie County 
Node 222304 : Int. of E. Pierce and Nicholas in Council Bluffs 
Time Period: 7/87 - 6/92 
======= NUMBER OP ACCIDENTS ======= 
0 Fatal Accidents 0 Fatalities 0 Injuries 
1 Personal Injury Accidents 1 Injuries 
3 Property Damage Only Accidents 
4 Total Accidents 0 Fatalities 1 Injuries 
=== Accidents by Time of Day and Day of Week 
0000 0200 0400 0600 0800 1000 1200 1400 1600 1800 2000 2200 All 
0159 0359 0559 0759 0959 1159 1359 1559 1759 1959 2159 2400 Times 
Sunday 0 0 0 0 0 0 0 0 0 0 0 0 0 
Monday 0 0 0 0 1 0 0 1 0 0 0 0 2 
Tuesday 0 0 0 0 0 0 0 0 1 0 0 0 1 
Wednesday 0 0 0 0 0 0 0 0 0 0 0 0 0 
Thursday 0 0 0 0 0 0 0 0 0 0 0 0 0 
Friday 0 0 0 0 0 0 0 0 0 0 0 0 0 
Saturday 0 0 0 0 0 0 0 0 1 0 0 0 1 
All Days 0 0 0 0 1 0 0 1 2 0 0 0 4 
=== Drinking Drivers === 
0 Not Impaired 0 Impaired 
0 Sobriety Tests Given 
=== Blood Alcohol Ranges === 
0 BAC = 000 0 001 - 049 
0 050 - 099 0 100 - 149 
0 150 - 199 0 BAC > 199 
=== Injury Summary === 
0 Fatal Injuries 
0 Major Injuries 
0 Minor Injuries 
1 Possible Injuries 
Property Damage = $ 7150 
Driver / Vehicle Related Contributing Circumstances 
Animal in Roadway 
Ran Traffic Signal 
Ran Stop Sign 
Passed Stopped School Bus 
Passing where Prohibited 
Passing Interfered w/ 0th Veh 
Left of Center - Not Passing 
FTYROW - Uncontrolled Intersection 
2 FTÏR0W- From Stop Sign 
FTYROW - From Yield Sign 
FTYROW- Making Left Turn 
FTYROW- From Driveway 
FTYROW- From Parked Position 
FTYROW- To Pedestrian 
FTYROW- Other 
Wrong Way on One-Hay 
Speed Too Fast for Conditions 
Exceeding Speed Limit 
Drag Racing 
Improper Turn 
Improper Lane Change 
Following too Close 
No Signal or Improper Signal 
Disregarded Rail Road Signal 
Disregarded Warning Signal 
Reckless Driving 
Improper Backing 
Illegal or Improper Backing 
Not Under Control 
Head Lights Not On 
Inattentive or Distracted 
Driver Confused 
Vision Obscured 
Oversized Vehicle 
Overloaded 
Inexperienced Driver 
Other 
Unknown 
2 None Apparent 
144 
Accident History For Intersection 211896 In Pottawattamie County 
Node 211896 : Int of Pierce and Grace in Council Bluffs 
Time Period: 7/87 - 6/92 
======= NUMBER OP ACCIDENTS ======= 
0 Fatal Accidents 0 Fatalities 0 Injuries 
1 Personal Injury Accidents 1 Injuries 
5 Property Damage Only Accidents 
6 Total Accidents 0 Fatalities 1 Injuries 
======= Accidents by Time of Day and Day of Week ======= 
0000 0200 0400 0600 0800 1000 1200 1400 1600 1800 2000 2200 All 
0159 0359 0559 0759 0959 1159 1359 1559 1759 1959 2159 2400 Times 
Sunday 0 0 0 0 0 1 0 0 0 0 0 0 1 
Monday 0 0 0 0 0 0 0 0 0 0 0 0 0 
Tuesday 0 0 0 0 0 0 0 0 0 0 0 0 0 
Wednesday 0 0 0 0 0 0 0 1 0 0 0 0 1 
Thursday 0 0 0 0 0 0 0 0 1 0 0 0 1 
Friday 0 0 0 0 0 1 0 0 .0 0 0 0 1 
Saturday 0 0 0 0 1 0 0 1 0 0 0 0 2 
All Days 0 0 0 0 1 2 0 2 1 0 0 0 6 
=== Drinking Drivers === 
0 Not Impaired 0 Impaired 
0 Sobriety Tests Given 
=== Blood Alcohol Ranges === 
0 BAC = 000 0 001 - 049 
0 050 - 099 0 100 - 149 
0 150 - 199 0 BAC > 199 
=== In]ury Summary === 
0 Fatal Injuries 
0 Major Injuries 
1 Minor Injuries 
0 Possible Injuries 
Property Damage = $ 11500 
Driver / Vehicle Related Contributing Circumstances ==-
Animal in Roadway 
Ran Traffic Signal 
2 Ran Stop Sign 
Passed Stopped School Bus 
Passing where Prohibited 
Passing Interfered w/ 0th Veh 
Left of Center - Not Passing 
FTÏROW - Uncontrolled Intersection 
2 FTYROW- From Stop Sign 
FTYROW - Prom Yield Sign 
FTYROW- Making Left Turn 
FTYROW- From Driveway 
FTYROW- Prom Parked Position 
FTYROW- To Pedestrian 
FTYROW- Other 
Wrong Way on One-Way 
Speed Too Fast for Conditions 
Exceeding Speed Limit 
Drag Racing 
Improper Turn 
Improper Lane Change 
Following too Close 
No Signal or Improper Signal 
Disregarded Rail Road Signal 
Disregarded Warning Signal 
Reckless Driving 
Improper Backing 
Illegal or Improper Backing 
Not Under Control 
Head Lights Not On 
Inattentive or Distracted 
Driver Confused 
1 Vision Obscured 
Oversized Vehicle 
Overloaded 
Inexperienced Driver 
Other 
Unknown 
1 None Apparent 
145 
Accident History For Intersection 319204 In Woodbury County 
Node 319204 ; Int. of Transit and S. Paxton in Sioux City 
Time Period: 7/87 - 6/92 
======= NUMBER OF ACCIDENTS ======= 
0 Fatal Accidents 0 Fatalities 0 Injuries 
2 Personal Injury Accidents 4 Injuries 
2 Property Damage Only Accidents 
4 Total Accidents 0 Fatalities 4 Injuries 
======= Accidents by Time of Day and Day of Week ======= 
0000 0200 0400 0600 0800 1000 1200 1400 1600 1800 2000 2200 All 
0159 0359 0559 0759 0959 1159 1359 1559 1759 1959 2159 2400 Times 
Sunday 0 0 0 0 0 0 0 0 1 0 0 0 1 
Monday 0 0 0 0 0 0 0 0 0 1 0 0 1 
Tuesday 0 0 0 0 0 0 0 1 0 0 0 0 1 
Wednesday 0 0 0 0 0 0 0 0 0 0 0 0 0 
Thursday 0 0 0 0 0 0 0 0 0 0 0 0 0 
Friday 0 0 0 0 0 0 0 0 0 1 0 0 1 
Saturday 0 0 0 0 0 0 0 0 0 0 0 0 0 
All Days 0 0 0 0 0 0 0 1 1 2 0 0 4 
=== Drinking Drivers === 
0 Not Impaired 0 Impaired 
0 Sobriety Tests Given 
=== Blood Alcohol Ranges === 
0 BAC = 000 0 001 - 049 
0 050 - 099 0 100 - 149 
0 150 - 199 0 BAC > 199 
=== Injury Summary = 
0 Fatal Injuries 
0 Major Injuries 
1 Minor Injuries 
3 Possible Injuries 
Property Damage = 6400 
===== Driver / Vehicle Related Contributing Circumstances ======= 
Animal in Roadway 
Ran Traffic Signal 
Ran Stop Sign 
Passed Stopped School Bus 
Passing where Prohibited 
Passing Interfered w/ 0th Veh 
Left of Center - Not Passing 
FTÏROW - Uncontrolled Intersection 
2 FTÏROW- From Stop Sign 
FTYROW - From Yield Sign 
2 FTYROW- Making Left Turn 
FTÏROW- From Driveway 
FTYROW- From Parked Position 
FTÏROW- To Pedestrian 
FTYROW- Other 
Wrong Way on One-way 
Speed Too Fast for Conditions 
Exceeding Speed Limit 
Drag Racing 
Improper Turn 
Improper Lane Change 
Following too Close 
No Signal or Improper Signal 
Disregarded Rail Road Signal 
Disregarded Warning Signal 
Reckless Driving 
Improper Backing 
Illegal or Improper Backing 
Not Under Control 
Head Lights Not On 
Inattentive or Distracted 
Driver Confused 
Vision Obscured 
Oversized Vehicle 
Overloaded 
Inexperienced Driver 
Other 
Unknown 
None Apparent 
